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Prototype production processes have been demonatrated feasible
for preparation of glass flake resin premixes and subseguent
fabrication of purts by compression molding, transfer molding,
calendering and centrifugal casting, Laminates have exhibited
physical properties in most instances superior to reported
characteristics of many glass reinforced premixed systems.
Processing premixred systems by either compreasion molded pre-~
forms (dry hleria) or calender orientation (wet blends) yields

8

laminates havina excellent appearance, free of voids, wrinklea
opalescent aress, Jdisoriented areas, and othex vlsibie flaws,
Preformg of dry blends can be compressiop molded into simple
gshapes which retain the properties of the preform; calender
oriented sheets can be compression molded or centrifugally

cast into more complex shapes with equal results, Investiga-
tions of varialiles to determine factors influencing physilcal
properties resulted in major efforts in screening of commercially
avallable resin systems, and detailed studies of flake size
breakdown during processing.

Economic and reproducible methods for premix preparation were
developed based on the use of an Abbe blender for wet mixes and

a MPatterson-Kelley V blerder for dry materisls, Other techniques
investigated but less satisfactory were plenum chanmber -coating,
solvent covating and centrifugal blending. Processing techniques

of extrusion, rotational molding and two roll milling were
demonstrated impractical for procesgsing glass flake resin premixes,

Resgin classes investigated lncluded epoxies, polyesters, phenolics
and silicones. Epoxy and polyester resins are readily mixed and
processed to complex shapes, Strength and visual characteristics

of the epoxy systems were superior to polyester laminates. Phenolic
and silicone resins produced poor appearing or uncured moldings.

Seven complex shapes, including missile fins, ablative nose cones,
Davy Crockett nose cones, practice windshields, exhaust nozzles,
electronic gates and electronic circuit frames were molded success-
fully in production equipment from 50% and 70% glass-epoxy resin
premixes, and 50% glass-polyester resin premixes,
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£ CREWORD

This Final Technical Engineerxing Report covers the work performed_

under Contract AF 33(600)-41885 from 8 Oclober 1960 to 7 June 1962.
The manuscript was released by the auwthor 13 July 1962 for publi-
cation as an ASD Final Technical Engilneering Report.

This contract with Olin Mathleson Chemical Corporation, New Haven,
Connecticut, was initlated under Manufacturing Methods Project
7-788, “Development of Manufacturing Methods for Glass Flake
Reinforced Plastica", It was accomplished under the technical
direction of Mr. Dorsie C. Harleman of the Chemical Engineering
Branch (ASRCTC), Manufacturing Technology Laboratory, Aero~
nautical Systems Division, Wright-Patterson Air Force Base, Ohio,

Mr. J. J. Aclin was the Project Engineer in charge of the program
at Olin Mathieson. Others involved in the Research of the program
are A. D. Spyder, L. J, Klahs, and F, E. Manemeit,

This project has been carried out as a part of the Air Force 7 S
LT “"MaﬂﬁfﬁCWt-’m‘r Methoda‘?refgnmrfmprmny BEEEELVE OE the ALy :f; T

e manufarturing - Aoth q =) 5 0 5411 5
e _baeia -manufacturing--procesaes;. techn&ques = -and - eguipnont-£6r use. e e

: ' ‘in economical production Of USAF mateyizis and’ecmpﬁﬁeﬁtl. ™& 7 7]
program encompasses the following technical areas: -

T —

Rolled Sheeta, Forginga, Extrusiona, Caatinga, Fiber and

] Powder Metallurgy Component Fabrication, Joining, Forming,
: Materials Removal Fuels, Lubricants, Ceramics, Graphites,

Non-metallic Structural Materials Solid State Devices,

. ' : Pasaive Devices, Thermionic Devices,

Your comments are soligcited on the potential utilization of the

information contained herein as applied to your present or future
. production programs, Suggestions concerning additicnal Manufactur-

ing Methods development required on this or other subjects will

be appreciated,
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PUBLICATION REVIEW

This report has been reviewed and is approved,

FOR T%E COMMANDER :

vl
% /j/% Sird—
AN HHﬂHhS///

1, Srlencl, USAT

Chie€f, Manufacturing Technology Laboratcry
Directorate of Materials and Processes




Page
e . . No,
Abstract - Summary ) !
X. Introduction L
II. Conclusions 2
III. Phase I - Literature Survey 4
1. Summary of Prior Art 4
2. Background, 9
3, Synopsis \ 5
3.1, Flake Manhfacture 5
3.2, Res. preiix - Process Tachniqua 5
3.3.. Laminate Properties. ; w &
.. _ 4, ‘conclusions 7
o b Bibliography I o g
VA RS T TavaRt of.-Froduation: m@g,v_m_

Table of Contents -

|

3.

el
3.1,
3.1,

I
\

w W wwwuwwwumuuuuuuuuuum

o Lo
020
.2.
+2s
02-
3.2,
3,25
o2,
vd,
020
w2
2.
2,
024
o2,
'2'
o2,
.3.
.3.
'3,
o3,
.3.

TR ~—flfgrBackgrnznd (e me

summa;y‘pg_ggpa:imggggttan

Experlisental- Eetail--*"~"*'*"'
Cast Reain Systems

1., Dibcussion of Resin Testing

2, Test Procedures

« Conclusions -

Blending Techniques

Ahbe Mixers

. Dry Blending Technique

+1l¢ Conclusions

Plenum Chamber Procass

l. cConclusions

S8olvent Coating Techniques

1, Conclusions

Centrifugal Blending

1, Conclusions

Two Roll Milling

l. Conclusions

Premix Processing
Preforming of Premixes

l

3
[ ]
]
]
L
]
.
i ]

<1, Conclusions
« Calender Orientation

3
1.
1
X
1
13
2
2
3
3
4
4
5
s
6
6
1
1
2
2.1, Prototype Evaluation

«le . nuhe Mixer = One Qt, 8ize
o swlie Mixer - 5 Gallon Size
.3, ‘Abka Vacuum Blanding ) 5 Gallon Size
«4, Conglumions - P

27
31 -
33
37
37
40
44
45
45
49
49
49
52
52
55
55
55




vi.

Table of Contents (Continued)

Page
- No,
3.3.,2.2. Roller Calendering 56
3.3.2.2.1. Thickness Study 590 R
e _ - 343222+ —Conclusions—— 63
.3.3.3, Dilelectric Preheating 67
. 3.3.3.,1. Conclusions 71
3.3.4. Extrusion 71
3.3.4.1. Conclusions al
3.4, Molding Techniques 8l
3.4.1. Compression Molding 81
3.4.1.1, Thicknesa Study -8l
3.4.1.1.1. Comprassion Molding of Glaas Flake
Premixes for Thickness Studies =~ 84 "
3.4.1.1,2. Preparation of Samples for
‘Machanical Testing _...87
© 3,4:1.1,3, "Physical Properties va, Laminate _
Thickness 87
3.4,1.2. Dry Blended Premixes 9l
- 3.4.1,3, Other Resin Systems 103
3.44134.. Conclusions i
- . < Y T 0.
XN 4“1‘5 B
B L - _ 3',4'2: L. op
o B Y e B Extruaion
3-4 B calandariﬂg
3,448, Centrifugal Casting CTmTT 114
3.4.5.1, Rotational Molding : 114
3.4,5,2, Verxtical Centrifugal- Castinga - 115
3.4,5.3, conclusions 123
3.4.6, Horizontal Casting - —- -1283- -
3.4,6,1, Dadoription of Centrifugal Cast
Cylinders Produced 124
3.4,6.,2, Concluaions 140
3,5, Effect of Processing-Upon Glass Flakes 143 - -~ 1
3.5.1, - Introduction : 143
3.5.2, Analysis of COmmercial Glass Flakes 143
- 3.5,3, Glass Breakdown Study ~ Abbe Mixing 145
3.5.3.1, Method of Determining Glasa Flake :
" size Distribution 145
a., Freshly Mixed and Uncured Res in=~
Glass Flake Mixtures 147
b. Resin-Glass Flake Mixtures that
are Partially or Completely Cured 147
¢. General Considerations 148
3,5.3.2, Separation Equipment 148
3.5.3.,3, Conclusions 1ol
3.5.4, Glass Breakdowvn Study - Dry Blends 161
3.5.,4.1. Conclusions 167
3.5.5.- The Effect of Processing Procedure
on Final Glass Content and Laminate
Strength Properties 167

3,5.5.1., Conclusions




Tehle of Contents (Continued)

Avpendix E.  Resin Systems Scoreened Under Contract
AF 33(600) 41885

203

Page
Ho,
3.5.5.2, iffect of Roller Calendering .
—— -Upon—Physical Properties—— ~— ~ 171 3
3.5.5.2,1, Conclusions 193 |
3.5.5.3., Micro-appearance of Glass Flake 193
3.5.5.3:1, Cocnclusions 199 \
V. Phase IXII - Fabrication of Selected Complex Shapes 203
1., Introduction 203
2, Migsile Stabilizing Fin 203
2,1, 50% Glass Content (Epoxy Resin System) 203
2,2, 70% Glass Content (Epoxy Resin System) 207
2.3,  70% Glass Content (Polyester Resin
. System) 207
2,4, Miscellaneous Molded Fins 208
3., Ncse Cone Insert 208
3.1,  Description of the Molding Procedure 220
4, Practice Nose Cone 220
4.1, Description of the Molding ?rccedure,mw<mW220A P
, e e G TER Aplative Nosé Cones . L o)) S ]
SRR S AT L R TR _’*ﬁ“} PR TTIptioh ol TS Rulding ?rocedute - 22% B
) , 6.. Rocket Exhauat Nogzgle : 222 - A
e “&.1l. Deseriptioh of Molding Procedure 222
7. Electronic Gate 227
8, Electronlec Bridge 232
9, Conglusiong 236
Appendix A, Use of Inert Fillers Combined with Glass
Flake Premixes 244
1. Experimantal 244
2. Conclusions 244
Appendix B, 7Tough Plastic ~ Glasr Flake Laminate 246
1. Experimental 246
Appendix €. Deseription of Test Methods 248
1, Tenslle Properties of Plastics 248
2. Flexural Properties of Plastics 249
3. Compressive Properties of Plastics 250
1,  Standard Deviations 250
5, 1zo0d lupact Properties of Plastics 251
6, Det:rmination of Glass Content in
Curcd Laminate 251
7. Determination of Laminate Density 252
Appendix D, BEquipment Used in the Program 2504




Table of Contents (Continued)-

Bibliography

Olin Mathieson Research Notebooks :

339001
33s101
363101
339451
523901
363201
492651
363251

494854 -

494868

494875

-
-
e
-
-
-
-
-

-
-
-

339024
339150
363150
339500
523950
363250
492657
363254
494863
494872
494900

viii,




fPhyJical Properties of Cast Epoxy, Polyester,

Silicone, Phenolic Rcsins

g

Physical Properties of Laminates Prepared by
Abbe Mixing -

: Flexural Strengths for Laminates Prepared by

Abbe Mixing N
Data Used for Determination of Optimum Mixing
Time in Abbe Mixer

Individual Weight Pex Cent of Glaas Flake Retained

on Indicated Mash Size

-'i

Glass Flake Breakdown Study —'Abbe'vhcpumrslend

Giass Braakdown Stﬁdy -'60/40 Vacuum - Hopper Blend -

l

e Effect of Blending Method Upon Flake Size
T T I U e A n v s Dissx mutLqp -

— :__:;:;5‘;___-.j;;—::ﬁmmj.gmﬂgm&ng QLDISL BLRBQ S

10

11

12

18
19

‘Physical Properties of Laminates Prepared hy '
-Dxy.Blending

Flexural Strengths of Laminates Prepared by Dry
Blending Method -

‘Physical Properties of 37@§pica1'Laminate Prepared

by the Plenum Chamber Process

Physical Properties of Laminates Prepared by
Centrifugal Mixing and the Plenum Chamber

Compression Molding of Centrifuge~-Produced Blend

Physical Properties Comparison = Centrifugal
Blended Systems

Preform Study of Resin Wet Epoxy Premixes

Distribution of Glass Flake in Cured Laminate
EL=23-2

Preform Molding Parameters - Dry Blends

Two-~Roll Mill Calendering of Dry Blends

43

46
48

50
51

54
57



List _of Zihios (Continued)

Paga
o o,
20 Properties of Laminates Prepared from Calendered
- Oriented Sheet Material 60, °
21 Glass Flake Breakdown Study - Calender Oriented o )
Sheats . élL. - -
. : . 1
T 22  MoLd1ng Parameters for Thick Laminates Prepared o
from Calendexed Oriented Sheet Material : 62 ””
23 Physical Properties of Oriented -Laminates 64 “ A'Ajm:
24 Phyaicai éébpertiés of Oriented Lenminates - 7 R o
fffect of Calender Orientation on Physical Properties 65
" 25  Summary of Préforming and Molding Parametersa for .
Dry Blends of Glaas Flake and Epoxy Resin Syatems . . 68
26 ' )

Summary of Recommended Molding Parameters for
" EL-15 Series .

29

- 30

33

2

34

35

36

; Prem;x -

Data~Takam for-Extrusion. aigtpéx&gﬂuﬂ£§~ﬂiaxai ?'ff?“www”““

' Injection Molding chditions for 50% Polyester-
Glaas Flake Premix

Molding Parameters of Various Resin Binders fox
Thickness Studies - 85

Summary of Physical Properties as a Function of
Compression Molded Thickness of Glass Flake

Laminates - Epoxy and Polyester Sinders 88
-Physical -Properties of Flat Laminates 89
Resin-Glase Flake Shrinkage Study Data - 92

Summary of Preforming and Molding Parameters for
Dry Blends of Glass Flake and Epoxy Resin Systems 94

Glass Content, Laminate Thickness and Tensile
Properties of Compression Molded Dry Blends~Epoxy
Binder ) 95

Summary of Recommended Molding Parameters for
El-15 Series 98

Summary of Preforming and Molding Parameters for
Dry Blends of Glass Flake and Phenolic, Epoxy
Novalak, Alkyd, and Melamine Resin Systems 104




Table

Mo,

37

List of Tables (Sontinued)

_Summaxy of Non-Epoxy Resin Binder Laminates

38
39
40
a1
42

43

Molding Cycles for Complex Shapes

Centrifugal Casting of Epoxy Glass Flake Cylinders

Centrifugal Cast Cylinder Data

Variation in Size Distribution of Commercial Flake

Glass Breakdown Study - Effect of Original Glass
Flake Size Distribution Upon the Rate in Flake
Size Degradation During Mixing

Glass Breakdown Study ~ Comparison of Glass
Breakdown Resulting from Variationa in Original
Glass Flake Size

—»4»r~447w~Summarg_o£~Pre£o:m;ng and curing Paxamatars f!ox:“».u..‘l.62

46
47

49
49

50

55

‘_3

x1i.

..153'

Fanction of Premix Glasa 8ize

Summation of Glass Flake Size Studies and
Mechanical Properties

Distribution of Glass Flake in Cured Laminate
ELw23=2

Relationship of Final Glass Content to Molding
Pressure for Compression Molded Epcxy-Glasa Flake
Sheets ({Series EL=-23)

Tensile and Flexural Strengths,.Laminate Proper~
ties for EL-23~4 to EL~23-8 Compression Molded
Sheets

‘Glass Flake Breakdown Study 60/40

Glass Flake Breakdown Study
Glass Flake Breakdown Study

Effect of Processing Upon Physical Properties -
Process and Molding Parameters of Laminates

Effect of Processing Upon Physical Properties -
Oriented and Non-Oriented .

Lffect of Processing Upon Physical Properties -

Confidence Limits for Table 54

163
166

168
169

174
177
178
179

181
182

183




Table

o

56

L

57
58

59

60
61
62
63

68

69
70

71

72

73

74

AT

xii.
List oi Tables (F‘unt inved).
Page
M.,
Effect of Nitric Acid Upon Glass Flake Laminates 186
Effect. of Nitric Acid on Glass Flakes 187 )
Oriented Anhydride Cured Epoxy Systems ~
Laminate Properties 188
Oriented Anhydride Cured Epoxy Systems - Molding
Parametars Used 189
Physical Properties of Oriented Sheet Laminates 190Q
Molding Parametexs for Laminates in Tablie 60 191 |
Laminates Chosen for Photomilcrograph Study 195 1
{
Molding Parameters for Missile Fin and Nose *
Cone Insert 209 i
_ Comparative Tensile and Flexural atrenqths Of i e **'“—~“*j
Misstle Fin ~ class Plakec and Fiborgliiss: Rcinfurcc&* Eii““*”**“**fj
Formulations and Molding variabies tor Glasa rlake - S ;'_ﬁ
Reinforced Migsile Stabilizing Fins 212 !
|
Formulation and Molding Variables for Glass Flake ‘
Reinforced Nose Cone Inserts 221
Molding Farameters for the Practice Nose Cone {
Formulated with Glass Flake Reinforced Epoxy Resin 224 |
| Formulations and Curing Variables for Glass Flake
Reinforced Teet Ablative Nose Cones 226
Malding Parameters - Rocket Exhauvast Nozzles 228
Formulations and Curing Variables for Glass Flake
Reinforced Transfer Molded Electronic Gates 233
Fornulations and Molding Variables - Electronic
Bridge ' o 235
Properties of Resin Used in Multi-Inserxt
Electronic Bridge 237
Complex Shapes Molded Under the Contract 240
Comparative Strength Data for Premix Molding
compounds and Glass Flake Reinforced Premix
Compounds 242
1




Table
MO

2l

————LEpoxy—Laminates-

Bl

List of Tables (Continued)

wiil,

Laminates

Laminate Thickness

Page
- Mo,
Tensile Properties for Inert Filled Glass Flake~
245 —-= -
Average Tensile and Impact Strengths of Tough i
Plastlic and Glass Flake Filled Tough Plastic
: 247
Flexural Test Dimension as a Function of
2582




List of Photoaravhs

“;ld

One and One~Half Inch MPM Extruder with Pipe Die
and 3:1 Compresaion Ratio Extruder Screw

Extrudate Appearance After Extrusion and Curing

Photo
-No..
1 ‘_Patterson-Kelley Blender
2 Plenum Chamber Assembly
3 Roller Calender Assembly
4 Thermall Diélectric Heater
5
6 Extrudate Appearance During Extrusion
7
8 Van Doxn Injection Molding Machine
9

11
12
13
14
15
16

17
18

19
20
21

23

24

v_CQmparison of Epoxy Glaas Flaxe Sheet :i__

Two Inch Thickness Compression Moldings of Glass

- Flaka Rainforqed Eolysstar andMEpoxy Ragins .

Curved Pileces

Compression Molded Planar Step Pleces

- Compression Molded Bevel Gear and Epoxy Mold

Compression Molded Plug
Centrifugal Casting Unit (Six Inch Diameter Bowl)

Centrifugally Cast Polyester Glass Flake 6"
Diameter Cylinder

Centrifugally Cast Glass Flake Epoxy Cylinder

Centrifugally Cast Preoriented Glass Flake
Cylinder

Random and Preoriented Glass Flake Cylinder
Centrifugal Cast Cylinders -~ Outside View
Centrifugal Cast Cylinder ~ Inside View
Polyester System ~ Metal Insert

Cast Cylinders - Inside View

Cast Cylinders #5 and i#6

div.

Pag~

) WNoO .

36
41
58B

72

73
76
R
79

82 . .
102

109
110
111
112
116

118
119

120
121
128
129
130
132
133

SRS WIS |




"27,
28

29

30

31
32
33

34

wE
T F

W
~}

39
40

41

43

44

Cast Cylinder #7 Split ~ Inside View ~

Cast Cylinder #8

Cakt Cylinder #17 | A o
Cast Cylinder #18 . u .
Sweco Vibro Screen Separator -
Roller Calendered Oriented Premix Sheet
Photomicrograph of Laminate EL-lS 20 Fd
Photomicfograph of Laminate EL-lS 21

_-Photonlcrograph of Laminate Bimi5eEpe B

Photomicxodraph 0f lLaMinate EL-I154l§ =
Photomicrograph of Laminate EL-15-34
Photomicrograph of Laminate EL-23-4
Misgile F;n - 30% Glass Flake-Epoxy Laminate

Side View of Missile Fin - 50% Glasa Flake-Epoxy
Laminate

Bacxlighted Missile Fin ~ 50% Glasg Flake-Epoxv o
Laminate -

Epoxy Binders

liissile Stabilizing Fins Glass Flake Rainfmtced
Polyester Binder and Inert Filler .

Missile Stabilizing Fin - 70% Glass Flake Content,

30% Polyester Resin Binder

Front View of 50% Glass Flake~Epoxy Nose Cone
Insert

Rear View of 50% Glass Flake-EZpoxy Nose Cone
Insert

205

oL 208
Missile Stabilizing Fins Glass Flake Réi'miomgl;::*-f o
o o213

218

215
218

217




?hot.o

_Ho.

47

List of Photoyraphs (Centinuad)

- 48

49

50

s;.'

52

53

54

D2
D3
n4
D5
05
D7

falcs

) Netallic Inserts

xvi.

Fil;ers

Trdnsfer Molded Electronir Frame Containing

9 X 9 8imple Box Molds Shown With Floating Top -
Plate .

10 x~lQ'Inch Elmes Hand Operated COmpreséion Press

12 % 12 Inch Watson Stillman Hydraulic Compression
Preag

Horizontal Centrifuge Mold Chamber
Horizontal Centrifuge

Glass Flake Tumbler (With a Glass Flake - Resin
Blend Inside)

7 x 7 Inch Compression Mold

5 Gallon Abbe Mixer - Inside View

Page

_Mo,

Lose Cone Inserts Reinforced with 50% Glass Flake Zlé

Nose Cone Inserts Prepared With and Without Inert 21;

Practicé ﬁose Coneg - Glass Flake Reinforced 223
Test Ablative Nose Cones Reinforced with Glass:

Flake—Epoxy,anq Polyester Bindexs 225

RpcketrExhaust Nozzles - Flashing in Place 229

.cémpog;té oﬁ Molded Rocket Exhaust Nozzles 230

: xaleéﬁronic Gate Assenblies 231

257
258
1259
266
261
262




List of Sketches

Sketch Page
—No. _Na,
1 Abbe Mixer with a Vacuum Hopper " 30
[ — 727 " Schematic of Plenum Chamber Process 42 T T
3 Roller - Calender Assembly : | 58A
4 Slotted Doﬁble Wall Centrifuge » 128
8lotted Double Wall Centrifuﬁe o 139 |
6 Glage Content Distribution within Cured '
 Laminate Shget . 173

PR . ~..al Test Specimen Configuration in 7 ® 7 Laminate
: : . Shaeat ' o 253




|

|

|
A

xviii. '

g ' List of Figures

Figure Page
No. _No,
. 1  Average Tensile Strength and Cunulative Per 7
— . Cent-Glass-on-50-Mesh—Vs+-Mixing-Time-in-—--~---------— - - - ~-——/—
Co Abbe Mixer 22
2 Comparative Glapas Flake Distributions for Unmixed,
Unclassified Flake, Premixes from 1 Quart and
5 Gallon Abbe Mixer 25
3  Individual Screen Aﬁalyses of Glass Flake Size ag .
a Functicn of Mixing Time in Five Gallon Abbe
Mixer 26 !
|
. |
4 Tensile Strength Va. Cure Temperature - Dry : |
Blends EL~-15-2,3,4,5 - kl:| j
5  Tenmperatura of Glass Flake - Epoxy Samples va. _ l
Exposure Time in Dielectric Heater 69
6 __ Individual Screen Analysis of Glass Flake Size. -
= " T'ma a Function of Mixing. Time, Bew B oo .. ... .:.280 - e
I 7 Individual Seraan Analysis of Glass Flake aiz- |- ;:;%
- a Function of Mixing Time, Box C 151 i
8 Individual Screen Analyais of Gless Flake Size '
as a Function of Mixing Time, Box G 152 i
9 Comparison of Size Degradation of Different Lots
of Glass Flake, Unmixed ‘ 154
10 Comparison of Size Degradation of Different Lota
of Glaas Flake, 10 Minutes Mixing ~ 155
1l Comparison of Size Degradation'of_nifferent Lota "
of Glass Flake, 20 Minutes Mixing 156
! 12  Comparison of Size Degradation of Different Lots
| ‘of Glass Flake, 30 Minutes Mixing 157
i 13 Comparison of Size Degradation of Different Lots
| of Glaras Flake, 40 Minutes Mixing 158
14 Comparison of Size Deqgradation of Different Lots
of Glass Flake, 50 Minutes Mixing 159
15 Comparison of Size Degradation of Different Lots
of Glass Flake, 60 Minutes Mixing 160




List of Fiqures (Continued)

Figure Page
No. _No.,
———L6——Glass-Flake—-Size Distribution_After Molding of S
. Dry Blended Laminates at Conditions Listed in
Table 34 164
17 The Effect of Cure Pressure on Final Glass Content '
of Conmpression Molded Glass Flake-Epoxy Sheets 172 1
18 Bar Graph of Individual Screen Analysis for
‘Premix and Cured Compression Molded Epoxy-Glass
Flake &Sheet B : ) 1758
19 Distribution Plot of Individual Screen Analysis
~ for Premix and Cured Comprecsion Molded Epoxy- L
Glass Flaka fheet (EL~23-2) . 176




I, Introduction

S -—_ Ajrcraft—and space hardware Yequirements demand structural
i materials possesaing high tensile strength, low density and a
high flexural modulus. Further, a significant requirement is
that these properties be nearly equal in all directions.

Glass flake reinforced lamznatee posseas high flexural modu~
lus which is approximately proportional te the glass content,
The tensile strength to weight ratic of these laminates is equal
to or higher than most other structural materials, These factore,
“together with the nature of glassé flake-reain mixtures, led to
the determination of the feasibility of processing mixtures and
fabrication of complex shapes using automatic machinery, rather
than hand fabrication, which is the general method for preparinq
glasa cloth reinforced atructural plastics."

Early studies of glass flake laminates indiaated major diffi-
_with_ incomplete wetting or coverage-of -glass-£lake by -the resin,

~ Through carefully controlled experimentation, techniques were.
-~ sped which overcame 3l of these shortdomirgs, -A new vari~
able, the non=unifoxmity of glaps flake, and ite degradation of
particle size through processing appeared as the major contribuy-
ting factor to high strength in laminates prepared using commer-
cially available resins., While two processes having commercial
potential werxe developed for fabrication of end items without

flake resin premixeu controlled the ultimate -trengch ot the
laminate,

This study concerned ltself with the relative value snd use-
fulness of epoxy, polyester, phenolic and asjlicone resin classas
as binders for giaua flake, Most systems were evaluated at 50%
and 70% glass contents. Proceasing technigues investigated
. includéd mixing by Abbe blending, dry (Patterson-Kelley) blending,
plenum chamber spraying, sclvent coating and two roll milling.
Fabrication processes included compression, transfer and rotation-
al molding, calendexing, extrusion, injection molding and cen-
trifugal casting, L

culties in obtaining sound structural pieces would be encountered

i diserientation. of the :Blake, and mon=unifsrmityeef-drstribution:—

sdditional flake degradation, the breakage experienced in preparing




11, Conclusions

From the investigations, development effort and prototype
production process demonstrations undertaken, it is concluded
—_— s = se———that oo — —— ---- —- —_—

A, Resins:

1, Epoxy resins prdduce superior premixes and are capable of
being fabricated into useful complex shapes by some conven~
‘tiocnal plastic processing technlquesy

2, Polyeater resins can he premixed egually as well as epoxy
. syatems, however laminates in genaral have poor visual char-
Ny acteristics and lower strength.

3. Phenolic systems yield poor 1aminates as a result of excessive

//‘ bliaterinq. _
’ 4. Silicone resin cure cycles are difficult to control and-too
lengthy for economic processing, :
;;;_igf;ﬁi_mum4r;.vfﬁmgixgél;ﬂigiiggf;;;;,L;;;;;:t;;:f“f;;hﬁfgj;ff;;;;il;;“;;m;m“‘“h;i:;;;gﬁm;g;;j%
E%T S 1. Premixes may be prepared economically akd with Fasile prodess -

8ing using either an Abbe blender for wet premixes or a
Patterson~Kelley V blender for dry mixes.

2. Other mixing techniques are cumbersoma, yield inadequate flake
wet out, excessive flake breakdown, and are more costly to
operate and maintain.

3. All mixing techniques investigated result in significant re=-
duction in the size o the glass flake. This breakdowm
constitutes a major hindrance to obtaining high strength
laminates using conventional resins and processing techniques,

C, Fabrigation Technigues

1. The roller calendering process for orienting flakes prior to
| molding permits consideration of the feasibility of glass

: flake laminates in a wide variety of end products including
i ' ablative heat shields as well as radomes, printed circuit
boards, and other items requiring unusual dielectric proper-
ties,

2. Standard production processes of compression and transfer mold-
ing yield complex shapes from glass f£lake premixes without
process difficulty. Thege articles have strengths superior to
those fabricated from mest commercially available premix ma-
terials,
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4.

5.

6.

3,

A centrifugal casting process showsa promise for a wide range
of cyliindrically shaped objects.

Roller calendering and centrifugal casting do not appear to
cause additional glass flake degradat’on over that resulting

pr—rms - —————-———— ——from-mixing: -

Additianal glass flake breakdown is experienced in. compression
and’ tranafar molding of unoriented premixes.

A process for wetting out glasa flake without degradatien,
combined wWith a part fabriocation techniqua based on calender-
ing or centrifugal casting, is expected to yield phyaical

properties considerably higher than obtained~in'thase studies,

Glags flake premixes do not perform lntisfaatorily in extrusion,
injection molding, rotational molding or two=roll milling

operations. Unuseable objact- were prodaaed‘du:@ng‘exparimental o

studieu.

calender oriented sheet, ‘aithex wet or B-:taged, should be
adaptable to vacuum bag and pressure bag molding-as.well ana

_m.ncnmpresnion malding nnd gantrizugul&nan;ing;nl_dgmnniﬁxntaa_h_n‘%_mﬂw;
- herein .. T

Using commercially Available resins, strenghs of laminatas pro=
duced in thie program 4id not meet the targst apecifications,

Low strengths were attributed exclusively to the breakdown
in glass flake size resulting from procasling.

New resins and processes which do not cause reduction of flake
size are expected to yleld laminates having highar atrnngthu
than target specifications,




II1, Phase I = Litaratixe Survey

11,1, Summary of Prior Art

A comprehensive survey of the literature relative to the use

of glass flake in_the fabrication_of reinferced-plastic-laminates————-

was made prior to initiating laboratory and pilot plant studies,
The use of flake-glass reinforced laminates has the potential of
high modulue, uniform strength in all diractions, low moisture :
permeability and higher glass loadings than the common fibex glass
and glass cloth reinforced laminates. Tensile strengths, however,
are much poorer than ih fiber glass and glass cloth laminates.
They range to a maximum of 29,000 psi. (7)

Of the various resin systems investigated, epoxy resin binders

were reportad to ba the most satisfactory; i.,e.; to have the high-

est strength properties. Phenolic, polyester and silicone resins
were all comparatively inferior to the epoxy gyatems,

Further refinement in optimizing mtrength properties of flake
reinforced laminates generally appeared to lie in the following
approachesx (1), (8), (7)

a7 RrepArktion GE ASlaminate s‘_,_,_\avfng w high glaia ﬂaku “dEHEeRE, | P

4‘;;p,~ Ablanec -of absorbed or -included aix bubbles. =

c. Perfect parallelism of flakes within the laminate.

d, Accompliahment of a constant and minimum regin binder thick-
nese (less than 60 microns) combined with a complete wetting
of flakes by the reein., (At high binder thicknesses, resin
failures alone have been noted. Decreasing this thickness
allows increased contribution of stress acceptance by the
fluke glass which possess very high tensile strength.)

¢, VUse of a glass flake of gredetermlned sige or diameter to
- thickness ratic (generally agreed to be 400~1000).

£. Use of low shrinkage resins.
111 Bacg

A continued interest within the military for reinforced plastic
structural materials, led to the investigation of flake glass as
a reinforcing material principally because a higher strength to
welght ratio is cecnceivably possible. In addition, a glass flake
in a composite can theoretically provide a multi«directional
stress acceptance as opposed to a glass fiber or a glass fabric
composite having only uni- and bi-directional strengths
respectively. (3)




5,

A higher modulus of elasticity, due toc fewer degrees cof free-

" dom, could alsc be expected from a glass flake reinforced laminate.

Furthermore, size considerations allow a higher loading, or weight
of glass flake per unit volume of laminate, which theoretically
could result in higher strength properties of the laminate.

Tests have shown that the flake glass laminates are extremely

_good barriers for preventing diffusion of water and solvent vapor

- d, ‘Adroraft and missile xadomes.

S

‘(almost ag eftective as alumznum ‘foil)., (&)

5 cOnsxdering mentioned propertiles, applicability of this ma-
terial is extensive. S8Suggested military applicationa are:

a; Rocket exhaust nozzles.
b. " Rocket .cases.
¢.  Rocket fias,

a, Moisture barrier and. corrosion=resistant coatings.

11,3,  Svuopsis
I3, Flske Mamufactwre (M) G
- othode-For $abrication of flake §lass NAVE ovolTed Trem

Lmhart, Armour Research Foundation, Linden Laboratories;, and-Owems-- -
corning Fibergias Corporation. The methoda deVeloped By EnhErE ‘"*f T
consist of stretching moltern glass into a £ilm having inclined axes;
rolling glass beads, glasa tape; blowing extruded ribbons of glass,

and drawing tape from a lip. Narmco used techniques of feeding

fiber glass into a flame to davelop molten beads and subsequently

rolling them into thin discs. Armour experimented with blowing

_ bubbles from molten tubing) flame spraying frit; and “enameling" ,

glaas on various surfaces. Linden's procedure consisted of blow-
ing glasa tubing., The method adopted by Owens=Corning was the
blowing of bubbles in molten tubing and crushing the bubbles inte
flakes. This method was predominantly successfal although it pro-
duced a variety of flake sghapes., These flakes had varying dia-~-
meters, irregular notched edges, and a slight curvature since they
were formed fiom a curved surface,

The strength of formed glass flakes and glass ribbona variea
inversely with the thickness. Individual glasa ribbons of two-
micron thicknese have yielded a tensile strength of over 200,000
psi. (2)(3)(7)(8)

IXX.3,2, Resin Premix = Process Technigues (1) (3)(6)(7)

Mixing and wetting the glass flake with the desired resin
binder is the major problem in the fabrication of laminates. This
has been accomplished by:

1. Hand kneading in a polyethylene bag.




2. Mixing.in an electric “kltchen type mixer (some reduction
of flake size). - '

3. Spraying aerated flakes in a chamber fcllowed by molding, or - .

“—B=ytaging folléwed by molding.

4, Dry blending powdered, catalyzed and uncatalyzed resins fol~-
lowed by melding. :

5. Compounding a premix on a differential two=-roll mill (reduc-
tion of flake size).

6. Mixing the composite in a Baker-Pexkins mixer (appreciable
reduction of flake mize).

7. Centrifugal resin and glass flake to form a composite,

Methods 1, and 3-7, inclusive, had been performed by Olin
Mathieaon in work pursued prior te the award of the subject con-
tract, -

‘“»§»;4~»~_AProblema -that-have- hewn>raaurrent“with most‘fhbricatéfi‘of

i 1aminatas hAVE BBERE s

‘Lo Afr bubbles in leminetes. | T e
2. Ineufficient coverage of glass flake with resin,

3. Non~parallelism or misorientation of individual glass flakes
in the laminate,

4, ~Variation of resin binder thickness.
5. Accurate control of glass content in final laminate,
111,3,3, Laminste Properties

Strength properties of laminates have been reported to be fa«
vorably affected by a flake having a high ratio of diameter to
thickness. ULaminates prepared from classified mixtures of glass
flake (~10 mesh +50 mesh) have shown higher tensile strength,

Some data are anomalous, as those in a report of work performed at
Narmco (October 1960, Quarterly Report #2, Contract AF 33(616)-
7195) which showed that tensile strength of flake reinforced
laminates composed of flakes with average diameters of 200-4,000
nicrons had no relationship to Flake size,

Ideally, a rflake having a perfectly uniform diameter and thick-
ness with completely parallel edges, and no included strain or
surface flaws, would be desired for use; however, no such material
has been produced. Surface treatments to anneal flaws or to etch
flakes have resulted in poor laminates. Heat-treated glass shows




/
/

some evidence of 1mprov;ng laminate strengths although more work
is required to prove ‘this system. Surface treatments of glass
flake with bonding #gents have not materially affected the proper-
ties of laminate made with epoxy resins., Data on surface treat=-
ments of glass flake with bonding agents._ for_use.with_.other-resin — -

gydtems (polyester, silicone, phenolic) are limited angd generally
appear to indicate a deleterious effect on laminate strength.

7 .
Epoxy- resin binders combined with po;émide gave the best

gtrength characteristics of flake-reinforced composites. The strong
polar adhesion of epoxy resin functional groups to the hydxoxyl ,
groups of the glass flake is obviously important in thig well known
wetting action of epoxy resins with glass. Epoxy reains, when
warmed, gave low viscosity materials which had the best wetting .
characteriatics. Strengths obtainable with epoxy~type jregin bindexes

were: (7) ) ) R

1. 26,000 psi max. tensile strength - /
2, 54,000 psi max. compréssive strength

3. 47 000 pei max. flexural ‘strength : ' *43':‘f%*'"‘<.

ramra, w16 P,

%lmWr rc:m““hinaar‘“mm

: {67, 11;, ) were nlI infériSr .
. -te. epcxy nyatama‘ . i e

o ‘Phenalic and ailiconu rasin binders had an added disadvantage

namely that of formation of volatile matexial during curing.

(1) (7}

Diallylphthalate resin binders used did not cure suffici-~

ently. (6)
111.4, Conclusions

The glass flake reinforced laminate has exhibited higher

modulua properties than common reinforced laminates. The tensile
~ptrength of the prepared samples are relatively poor (a maximum
-of 29,000 psi). Most of the work has been performed with epoxy

resgin *binder systems.

The potential of this novel reinforcement cannot be fully
realized or evaluated because of major mechanical processing limi~
tations in the present state of the Art. Crude blending technigues
used to coat glass flake with resin have all exhibited serious
shortcomings which have resulted in major decreases in laminate
rhysicals. Molding parameters were relatively unknown and all

ompirical in nature.

The laminates tested have generally been of poor quality and
therefore data obtained has been considered to be a value which
can be sucrpassed. Almost all tensile specimens have exhibited a

tendency to fail at a fault or imperfection in the laminate.
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‘mens, and low strengths of laminates, led to extensive investi=

5. Characteristics of Procosaed Glass Flake

SRS

IV, Phasas II Investigation of Production Methods

e e ettt . e

IV, 1. Background

In_establishing_the techno-econamic_ feasibility.of. produc= . .

tion metheds for glags flake reinforced laminates, Phase II of
the contract was devoted to experimental and pilot plant studies
of mixing and fabrication techniques. These investigations were
carried on througheut the contract period, concurrent with and
in succession to Phase III, "Fabrication of Selectsd Samples."
Major problems concerned with visual appearance of early speci~

gations of variablea and corrective actions,

_° Discussion pertinent to work parformod in Phase Ix has been :
div;ded into five subsections aas followa: -

1, Cast Resin Systems
2. Blending Techniques
3, - Pramix Processing

4, Molding Technigues

P

Investigations of unreinforced resin syatems were made. to se~ S

lect candidates offering the greatest potential compatability with
glass flake in fabrication of high atrength laminates, A total of
51 epoxy systems, 11l polyester systems, 15 phenolic, and ¢ silicone
resing were @creened. In these studiee the obvious supariority of.
epoxy systems was noted which led to the use of this resin type ' -
for process screening studies. .

Blonding Te eg

Methods amtudied in efforts to produce high quality glass flake
resin mixtures included Abbe mixing, dry blending, plenum chamber
and solvent coating, two-mill coating and centrifugal mixing. Af~
ter exhaustive studies, Abbe mixing was selected as a reproducible
process for making wet resin blends, and a Patterson~Kelley V
blender was determined to be adequate for dry resin mixtures con=-
taining glass flake.

Premix frocessing

Early experimentation demonstrated the need for development
of premolding processing to eliminate flaws in laminates resulting
from molding bulk premixes, Dielectric heating, extrusion, injec-~
tion molding, compression molding and calendering were investigated
as methods for preform preparation. The most successful technique




__Molding Techniguas -

1Q.

davaloped was basad on the calenduring opsration in which glass
flake was oriented without degradation of particle size. Premixes
could ba processed into either wet or Be~staged shects throughout
this process. )

Detailed pilot atudies of molding processes included investi-
gations and evaluationa of compresaion and rotational molding:as
wall as centrifugal casting., XExperience with compression molding
led to tha decision to study molding in production equipmaent.
While both compression and tranafer molding proved adaptable with
bulk premixes; suparior laminatea were obtained from calendered
gheets processed by compressgsion meolding and centrifugal casting.

Evaluation of laminate properties indicated variables othex
“than orientation of flake and resin thickness to be limiting. A
comprehensive inveatigation of glaass flake particle size reduc~
tion daronstrated a controlling influence.on ultimate laminate
strength.. Fabrication tachniquas (calendering and centrifugal .
casting) were developed which contributed negligible breakdown;

T however, the process of Abbe mixing flake and resin produced se=

vere degradalidn. T T

e . PR C e

Jopp— v mad 1 o= = B - P . - . [

Resin systems from epoxy, polyester, silicone and phenolic
claspes vere screenad with emphasis being placed on systems having
inherent high strength. The epoxy resins having shown the most
promise in the past for high strength glass laminates, were se-
lected for most initial procesa studies, The hardener systems
were chosen with the blending technique and the final fabricating
mode in mind. Viscosity, pot life, and the exothermic nature of
the curing cycle were alsc considerations.

.In all cases, cheice of resin systems and formulations were
restricted to solventless systems because of known impermeability
of the glass flake in the final laminate, which causes extreme
difficulty in removal of mechanically bound solvent molecules
during curing cycles,

A summary of cast resin systems that were tested is presented
in Table 1.

The curing agents considered have been of aeveral'typeSx

a. Catal¥tic (i.e. promoting self-polymerization of the
resin).




L, Polyfunctional curing agents (active hydrogen of
curing agent reacts or ndds to enoxide ring of
vaesin) . '

AllphaLlC polyamines

‘“tivnai*auids.ﬁmmﬁmvm e

1.

2.

3. aAromatic polyamines

4, Anhydrides and polyfunctional zcids

The boron-~trifluoride monoethylamine (BF MEA) complex was
chosen because it imparted long pot life to the resin used. Dif=-
ficulty was expcrianced in the curing of the BF;-MEA sysatems.
Other catalytic curing agents gave too short a pot life at room
temperature. Type bl agents were neglected for the same reason,
Type b2, modified aliphatic polyamines, also have short gel time, .

" However, a commercially available polyamide, Versamid 115, was ~
‘evaluated and showed.interesting elastic prcperties. m-Phenylene

diamine, type b3, has been usad axtensively because it imparts

good physical properties. Additionally, it formed B-stage resins

with good stabilities. Hexahydrophthalie -anhydrida, type b4, offers
an excellent pot life and retention of physical properties at
elevated temperaturea, as do most of the annydrides and pplyﬁunc-

- —LP°2¥ resine: chosen vary inAQhEMiCEl #strocture, moladular

“waight and epoxide equivalent weight from the di-glycidyl aether

of bis~phenol to di~apoxide structure.

Testing on cast epoxy resins and all others presented here
has been in accordance with current ASTM Standards.

The formulation studies conducted were used as an aid in
scraening out resins having too low a tensile strength and brittle-
neas combined with poor wetting factors as evidenced by high vis=
cosity, and high surface tension,

" Peroxide catalysts were predominantly used for polyester sys-
tems. BRenroyl paroxide was used because of its long pot life at
room tomperature, Other catalysts such as methyl ethyl ketone
peroxide, ditertiary butyl peroxide, (low temperature catalysts)
were also e¢valuated., Polyester resins chosen are standard styrene-~
modified, unsaturated resins, (i.e. the polyester produced from
reaction of maleic anhydride and diethylene glycol),

Dicumyl peroxide is an acceptable curing agent for the chosen
silicone systems. The Dow-Cornlng resins chosen were the recently
developed solventless resgins,

Hexamethylene tetramine is used as a standard catalyst with
phenolic formulations. However, very few phenolics are prepared
commarcially as seolventless systems. One such solventless system
was obtained from Union Carbide Chemicals Company. Strong exo-
thermic curing and overcuring were observed combined with a short
pot life,

_Medificd aliphatlg_polyamlncs“_“_mw"_ﬂmu_"Tn«mm.____ww_w__u




IVe3.l.l. Discussicn of Resin Testing

Table 1 presents the physical properties of resin systems
which were tested. The resins were prepared with the desired

hatdener aystem in accordance with the yesin or catalyst manu-~
facturers' recommendations. In most cases, the uncatalyzed
resin was degassed at a vacuum of 0,2-1.0 mm, Hg, unless the ‘
regin had an appreciable vapor pressure and would lome monomeric _
material under reduced pressure, This technique of degassing.

resulted in relatively bubble-free casgtings.

The mixed catalyzed resin was then cast into sheaqts
10" x 10" x 0,135-0,160" thick and 7/8" x 7/8" x 6" bars which
ware later machined to 1/2" x 1/2" x 5" bars for heat diotortion
bars and 1/2" x 1/2" x 2-1/2" notched baxs for impact testing.
All systems wore gelled at room temperature or slightly above
whan using a high temperaturae catalyst. Thexeafter, bars and
sheets were subjected to time and temperature heat-uuring and
post-curing cycles.

During the program, it was 'discovered that thicker bars

-red-at-different rates-and the-sxothermic-reaction in-thea——— ,,',“_ ey
~=higk-BaTE - BANSSN-OTABING - Ghd- CPaTR INY -6F “the bard; - making Ehem = -
unguitable for tasting,..8ince considerakle time would have_ been.
aRpented-in ruzarmulatiﬂg‘fésiﬁ BEtdhéd and detérmining séparate
cure cycles for the thigk bars, many of the resin systems wére
not re~-examined in the thicker dimensions., Tengile atrength
servad as an effective indication of proper cure accomplishment,

al

1l
i

i iUAL_L i

Tensile strength data reported are in general agreement
with manufacturers' specifications., Tensile value for some of
- the gsystems were nct supplied by resin manufacturers., A spraad
in tensile valuee ¢btained is due in part to sample preparation
tachnique, For axample, in early samples micro-nicks were formed
in many samples when tha double=fluted "Tensilbit" was used to
cshape tensile specimens. Changing to a diamond plated "“Tensilbit®
has almost entirely eliminatad the problem.

Iv.3,1.2, Teat Procsdures

Test procedures uged to evaluate cast resin systems were
LSTM method,

1, Tonsile Strength = ASTM D633=-58T

Tensilbars were prepared by band sawing resin strips from cast
sheet followed by milling in a Tensilbit Machine equipped with
a No, 51-702T double~fluted carbide tipped Tensilbit,

This Tensilbit was later replaced with a 51-700D diamond
plated Tensilbit, which prepared essentially nick~free specimens.
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————-—m———Epoxide—ahd—ni-apoxide~Resins : s

14.

Key to Table 1
Formulatjons - ‘

ES28 - Epon 828 = Shall Chemical Company

JDS10 ~ Epl Rez 510 ~ Jonas Dabney Company

JD504 - Epi Rez 504 = Jones Dabney Company

U201 - Unox 201 _
U206 - Unox 2206 - Union Carbide Chemicals Co. (diepoxides)
U207 - Unox ‘207

Polyeaters

L4128 = Laminac 4128 = American Cyanamid Company
V156 - Naugatuck Chemical Lompany

Siliconeg

' DC7145 = Dow-Corning Company
DC7146 - Dow-Corninq COmpany

Fhenolxn -

C7541 - ERB 7541 - Union Carbide Plastic- Co.

Curing Agents

MPD = Metaphenylenediamine - Allied Chemical Co, :
BF3-MEA - Boron Trifluoride Mono-ethylamine Complex - -
' Harshaw -Chemical:
" V115 - Versamid 115 Polyamide Resin ~ General Mills Co,
" HHPA = Hexahydrophthalic Anhydride -~ National Aniline Div. =~
Allied Chemical
AMEA - Alpha Methyl Benzyl Amine =~ Union Carbide Chemicals Co.
1,2,6, Hex~ 1,2,6 Hexanetriol = Union Carbide Chemicals Co.
DMP=1d - Accelarator = Rohm and Haas Co.
MA « Maleic Anhydride - Amerxrican Cyanamid Co.
T™P -~ Trimethylol Propane - Hedon Newport Chemical Co.
BENZ, ¥ = Benzoyl Peroxide ~ Harshaw Chemical Co.
HEXA - Hexamethylene Tetramine - Matheson, Coleman and Bell Co.
DICUP - Recrystallized Dicumyl Peroxide = Hercules Powder Co,.

LP~3 - LP-3=polysulfide resin (Flexibilizer) - Thiockol Chemical Co.
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Tenzile strength determined on a Tinius Olsen Plastiversal

Machine ~ separable (5-~2) and nonseparable (U=2) strain indicators
used.

2, Tenglle Modulus

Calculated by obtaining the slope 6f.the load vsa, -elongation
curva and multiplying by the:ratlo of gage length to crogs-
sectional area. In cases whera the nonseparable extenscmeter
was uged, all modulus calculations were made at 50% of ultimate
alongation by approximating a line parallel to the curve at that
point and passing through the origin (0 load, 0 elongation).

In some cases, & separable extensometer (S8=2 strain instrument)

~was used for recording load elongation data of the cast resins,

S BBTM 9648-56 e

In those cages, a line passing through the origin tangent to the
curve was used in calculating deulus values,

3. Heat Distortion TeAQarature

Cast bars were machined to the raequired- 1/2" x 1/2" 5" - ST
dimansiocns. Tests were run 1n avcordafnite with ASTM specifications,

4, Tzod Impact (Notched)

ASTHM Test D256~56

Caut bars were machined and notched in accordance with ASTM
recommendations, Impact tasts were conducted on a Tinius Qlsen
Change~0O=-Matic Impact Tester.,

Iv,3,),3, Conclusions

‘"The information on cure and resin handling characteristics
which wag obtained during this phase of the program wag usged
throughout the program, Without prior knowledge of viscosity,
process ability and pot life of particular resin blends, the
completion of the program would have been difficult, In addition,
comparison of physical properties and determination of effec-
tiveness of flake reinforcement would have been impossible.

Based upon data obtained in this study, several representa-
tive resin-cure systems were chosen for each of the four resin
types under consideration,




;
|
|
|
i
i

The Jones Dabney 510-MPD system was used as the basisg of
most of the epoxy resin systems in preference to the Epon 828
or Unox resin systems, Epon 828 was not used because of detri-
mental dermatitis reactions experienced by contract personnel,
. Unox-207,--Unox—20)1-HHP;DMP-10"systems weére Used where long
' pot life was a raquiremant. ,

— —

The polyaester resin- system chosen because of optimum
handling conditions was Laminac 7l28-decarp (dicumyl peroxida)
-an improved version of Laminae 4128,

A solid phenolic resin RI 4009 was used £or dry blending
~ after the flake laminates prepared with the liquid C~7541 g
. were proved to be of poor quality. The dry, pulverized RI 4009 L
.was not evaluated as a solution casting resin, -

 The Dow-Corning-silicone resin series” were “avaluated only ,

"in ‘massed glags flake systema because of the extrems difficulty
encountered in preparing acceptable oriented glass f£lake laminates.
Silicone reains produced the poorest laminates because of
curing problems and a tendency to stick to the polished mold

,_aurface rAQardlcas of tng_pantinggagontAusad—emmthﬁfmwﬁr*‘“““

L.._\ o e . 77', . PATSIRERA T T N s "':;:...‘,,./.',".‘.Z‘,_.

The firat step in the preparation of glaaa flake laminates
was to develop a method of combining the glass flakes with
the selected resin system. The wide range of plastic binder
systems which cover water~thin liquids through pastes and
solids necessitated the development of more than one premix
technique., Cbviously, a blending method suitable for a = '
watar-thin liquid such as the plenum chamber methnd would be
impossible for a solid resin system.

This section of the report is devoted to a discussion of
the individual mixing methods evaluated,

IVe3,: 2, Abbe Mixers

The Abbe mixer is constructed &8s a mass and papte mixer,
having a double "U" bowl construction and two modified sigma
mixing blades rotating at a speed diffsrential of 2 to 1
{maximum 50 rpm and 100 rpm). BPlade construction is such that
shear forces developed during mixing are substantially smaller
than shear forces present in other mass and paste mixers,

Prime applications for this mixer have been in the manufacture
of premix glass fiber reinforced compounds, where minimum glaas
fiber degradation is a requisite,



—
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IV,.3.2.1.1. Abne Iliixcr One=cuprt Size

The first glass flake promixes were prepared in a small,
~w,",._rentad one-quart-gize-Abbe-mixeri shorter mixking times, ex~ .
cellent wet-out of glasa flake, and improved uniformity of mix
~at the 50% glass content over the other blending techniques : .
. were realized. aAdditional experiments proved that a wider e e
~variety of roain sygtems could beé processed in the Abbe mixer.
The early studies, using this equipment, were promising because
of the improved mixing cycle resulting in an upgrading of the . . .
physical proparties of laminates., Abbe mixing appeared to be :
-the mesgt economic mixing techniqua lnvestiqated,fwlth the ——
exception of the dry-blending technique. : e -

- In Table_z a summary iaupresented,ofgtheulaminateafmolded’M"
" from the initial trial batches of premixes prepared with the
smiull Abbe mixer. Clasgified flake glags in sizes of +8, =8 + 16,
and =16 mesh were used as starting materials, Only epoxy-baged
resin formulations were evaluatad in . thia preliminazy»atudy.j“

The Gpoxy-glaaa ayatgms;evaluatad" e - 7 A

L ””ﬁ‘“IFL—ZO ‘Series) and polysulfide flaglhilizad~(EL:&;zilgnuﬁ ;::;«;;gf~T:m_q:j,;%

gystems. Polynmine curing agents-such -as mE@ta=Phénylene diamine
wera uged (EL~5, 7, 19, 21) ta promcte enhancad properties;

Anhydride hardeners waere used when lengthened pot lives (EL~14, . s
EL-18) were required, ‘

At the low glass levels investigated, tensile strength
‘proporties ranged on the average from 6 to 17 thousand pai,
The variationg in tenasile strength are attributable to void
content and varying glass contents throughout the laminata,
High void content implies a large number of dry spots or
nunmerous air bubbles; conversely, low vold content implies a
desirable, low occluded air volume and a reduced amount of dry
spots,

The void content of these Abbe mixed laminates was. fre-
quently high, A compression mold can be expected to reduce
vold contents as pressure can be applied to squeezs remaining
air out of the sample in a confined cavity. Such a mold was
not avallable at the time these studies were made,

Tensile and flexural properties of Abbe mixed materials
are presented in Tables 2 and 3, respectively.
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20.

Prior to the addition of glass flake, the hardener (liquid or
solid) was added to the resin binder and mixed in the bowl of the
Abbe until the catalyzed resin was homogeneous. (Steam heat may
be applled to the jacket of the mixer to reduce the viscosity of
the resin and thereby promote bette1 "wet—out" of the glass flake, )

higher glass contents require longer mixing times.

Mixing time is considered to be one of the most important
variables in producing high quality composites. There was to be
expected an optimum mixing time below which resin coating on the
glass flakes would be insufficient, and a mixing time above which
excess flake breakdown would contribute to lower tensile atrengths.
Tco determine the optimum mixXing time, three identical batches
were formulated with the same glass content (50%), glass size
(+8 mash) and resin hardener system EL=19 (Table 4). Mixing times,
only, were varied at l-1/2, 5, and 10 minutea. After each batch
was mixed, a sample was taken to determine the glass flake distri=-
bution, All three batches wera cured into sheets by identical
curing procedures ocutlined in Table 4, Five to seven strips were
then cut from the 'cured ghests and tested for tensila strength,
Figure 1 is a plot of average tensile strength vs. mixing time,

ﬂwﬁ_h“_Plotted_on_tha_aama~graph de-a-oumilative-analysia- of glase-£lake —— =

1

RO meah: gergsn-as s -fuliotion-of Wit ey
ind} the fiva~mipute mixing time xesulted. -An -the--
- o - ﬁ,‘",Ww?ﬁ%@ﬁﬁiﬁlﬁﬁﬁi%&eéiikengt 6 -pei, for the 50% glaass level in«
' veatigated. The screen analysis plot indicates that as mixing time
increases, finer flakes are formed, reducing the cumulative per
cent retained on thke 80 mash sarean. At the optimum mixing time,
39.7% of the glass flake is retained on the 50 mesh acreen. (50 .
mesh was chosen as a convenient basix; any screen size could have
been used to illustrate the relationship. The above conclusions
have resulted from tests performed using an Adbbe mixer having a
capacity of one quart,

LlhluaLLLzL_JEhhﬂ.ﬂixaz___i_ssllga_éizg

The initxal success obtained with the one~quart Abbe mixer
indicated the potential usefulness of this method of glass flake
blending, The small size of the one-gquart mixer restricted the
nature of the atudies and programs which could be evaluated. A
five~gallon Abbe mixer was purchased and was used throughout the
remainder of the program. The major portion of all the laminates,
, and all the premixes from which the subcontracted complex shapes
? were molded were prepared in this mixer,

" indicsted in Figire 1,.

i It was necessary to prepars a test mix in the five-gallon

mixer to objectively compare the breakdown of glass flake premixes

in the five-gallon Abbe mixer with the breakdown encountered when
the one-quart Abbe mixer was used. An additional objective was to
gain insight into the mechanisms and rates of breakdewn during the
mixing eycle, Because of the limited batch size of the one-guart

mixer rented during the earlier portion of the program, this study
could not be conducted.

T
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Cumulative Per Cent
of Glass Flake on 50 Mesah
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For the study, 8.8 pounds of unclassified glass flake were
charged into the mixer and mixed with 8.8 pounds of Lamirac 4128
(American Cyanamid) polyester resin catalyzed with one per cent
benzoyl peroxide. During the mixing cycle, no heat was applied to
the steam jacket of the Abbe mixer because of the sensitivity of

Mixing took place under 20 mm. Hg. vacuum for a total of 60 minutes.
At 10-minute intervals, a 200=gram sample was removed from the batch
and analyzed for glass flake size distribution.

The results of this study were:

1. The five-gallon Abbae mixer degrades the glass flake
during mixing slightly more than the one-quart Abbe
mixer.

2, . During the mixing process, there is a very rapid
- disappearance of +8 meeh and +16 mesh f£lake, Similar
to other mixing and grinding processes, there is a
selective attrition of the largest flakes in the mix.

3. The percentage of flakes retained on the +100 mash
rises during the cycle, as expected (Table 5).

glass flake. The next curve progressing downward renpresents the
distribution of glass flake size in a premix prepared in the one-
guart Abbe mixer (Laminate EL~23~2), The lowest curve represents
the analysis of the premix prepared in the five=-gallon mixer after
ona-half hour of mixing, 1320 revolutions, (Earlier samples: 15
minutes, 25 minutes, showed insufficient flake wet~out as evidenced
by poor compression molding containing dry glass flake.)

Both curvesa show a very similar distribution of size. Compar-
ing the curves at the +30 mesh region, the herizontal separation
between the curvea shows that the five=-gallon Abbe has degraded
this flake size more than the one=quart Abbe mixer,

Figure 3 shows the amount of degradaticn that occurs during
mixing. Both the +8 mesh and the +16 mesh glass flakes undergo
raplid breakage in a short time. The +30 mesh fraction rises during
the first ten minutes as the coarser +8 and +16 mesh flakes brezk
down. Thereafter, the +30 mesh flakes are subjected tc rather rapid
size losses. Note that the absiccsa of the graph ig related to both
mixing time and number of revolutions of the fast mixer blade.
(Relating breakdown to revolutions in the mixer eliminates the re-
quired parameter of blade rpm.)

A much more comprehensive study of the effect of glass flake
degradation duve to processing and its relationship t5 laminate
physical propertizs was porformed at a later date and is reported
in detail on another section of this report.

- —————————— —the resin-system-to_curing-under slightly elevated_temperatures. . __ _ _

“Figure 2 supports statement 1 above. ~The uppermost Gucve in’ ;Jm”““*ﬁ
Figure 2 represents the size distribution of unmixed; unclassified-
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Log of screen size opening converted to U.§. Screen Number
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—Pigure 2

25,

Comparative Glass Flake Distributions for Unmixed Unclassified

Flake, Premixes from 1 Quart and 5 Gallon Abbe Mixer
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Cumulative Percent of Glass Flake Retained on Indicated Screen

® Unclassified glass flake

a Premix prepared in
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five gallon Abbe mixer
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1v.3, e 2 1, 3 Al Vacuim 311nJlnq ~_5=Gnllon Size

The use of a vacuum hlendlng technigue for preparation of high=
ly filled premix compounds generally rusults in increased mixing
efficiency, i.e. the mixing time is decreased and filler wet-out
is increased. We believed that similar benefits could be realized
if a vacuum blending technique were perfected for the Abbe blending
of glass flake premixes. We expected to decrease glass flake de-

- —- gradation-through—the reduction of mixing time. ~

—_ ]

The blend described in Table 6 was prepared using a vacuum
blendinhg technique. The resin and curing agent were blended to-
gether by hand and poured into the Abbe mixer. The Abbe mixing
chanber was filled to the lip with loéose, dry glass flake and the .
chamber was put under vacuum. When the pressure had dropped to be-

. low 10 mm, Hg., the mixer was started and waa continued for about

. 3=4 minutes until all the glass had been wet cut. The vacuum was
broken and the Abbe chamber opened. The chamber was refilled and
the cycle repeated. The preparation of this batch required the ad~-
dition of the 3,000 grams of glass flake in four cycles. A total
of 17 minutes was required to wet out the mass, Atmospheric blend=-
ing of a batch of this size and glass flake content requires 30
minutes. Therefore a reduction of 33% in mixing time was realized.
Unfortunately the addition of large volumes of dry f£lake en masse
regulted in audible grinding noises being emitted from the mixex.
The analysis of the glass flake breaskdown xesulting-from-this-process=—-— —

E;;:_ {‘f;ﬁid;;»~~ﬂwimwina,*ﬁﬂ*catea*amsliqhg.inczaase«inmhzeakﬁnwn_atztlakaﬁ-dtd;aaanxﬁ¢%v$w~*w«m
9 S A mechanical modification was made to. the Abbe to permit slow addi—ﬂ o
F;q‘ff_ . ;:z;;;:A/~£%i‘ “oE glass-Finke ko the mixing chamber while under & vaouum. .

The blend described in Table 7 was prepared using classified
+8 mogh glass in a 60/40 flake to reein ratio. The hopper appara~
tus shown in Sketch 1 was used to add the flake gradually to the
mixer, Difficulties were experienced baecause of a tendency of the
glass flake to bridge over the opening and stop the flow of glass
flakes into the mixing chamber. The resin system was weighed and
added to the Abbe mixer and blended for 15 minutes under a full
vacuun (1,0mm, Hg.). The vacuum was broken, the mixer opened, and
the glass flake added to the hopper chamber "which had been installed
on the apparatus (shown in Sketch 1), The hopper-mixing chamber
seal was open while the vacuum was reapplied. When full vacuum was
attained, it was found that the glass flake in the throat of the
hopper chamber had bridged across the opening, preventing the flow
of dry flakes from the hopper into the mixing chamber,

The vacuum was broken and the hopper recpencd. The glass flake
| bridge was broken, the hopper lid replaced, the hopper-mixing cham-
; ber seal closed and the vacuum reapplied. When a full vacuum was
‘ attained, the hopper~pixing chamber seal was opened. Boecause of
' the pressure differential, the glass flakes flowed from the hoppex
into the mixing chamber. The flow continued for several minutes
before the flakes once again bridged over the opecning,
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Abbe mixing chamber
Hopper-mixing chamber seal
Hopper

Sight glass

Hopper vacuum iid

Valve

Vacuum gauges

Screen pack

Dry ice vapor trap

Vacuum pump
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. The bridge was broken and the remaining glass added to the
batch. The mixing time was determined with a stop watch and only
the time that the mixer blades were moving was recorded. A total
time (from introduction of the first flake up to complete glass
flake wet=~out and mixing) of 19 minutes was required,

The blend was removed from the mixer, processed through the
calendex-orientation assembly, molded and machined into the proper
slze physical test apecimens. : o .

__The glass flake size distribution of the original unmixed glass, °
the blended premix, the oriented uncured sheat and the laminate was
determined. - ’ o :

The data presented in Table 7 is compared with similar data - - .
obtained from materlals processed by other techniques, in Table 8, |
Examination of Table 8 shows that although the blending under vacuum
required approximately 19 minutes of mixing to obtain proper wet-
out, only 2.0=2,1% glass flakes was retained on a +30 mesh scraen,
The data (in Table 8) indicates that although some decrease in

glaes flake breakdown was realized utilizing vacuum blending, the
effact of this increase (from 0.5-1.9%) upon the molded laminates
will be slight. I E

e -—-- -————=The vacuum-spparatus -regquires—saversl-mechanioat modifications — ——=
N N o §p€iﬁi2@:§)&§m‘&§éf&1§égé’.,_i:ﬁc—.]}na.- : r'"@%ﬁ%‘%f PEAVETY 3 *ﬁg;g.l.—a"‘--_ e ;.':j
e _ - £lake "fines" frem the vacuum pump, and a means of eliminating the g
R - -7 TTBKidging of glass flakes over the hopper-opening, The highly - — 7
g akbrasive glass flakes can cause major mechanical damage to a pump
, if they are permitted to enter the mechanism. 8creen packs are not
an effective separation device. Bridging over of the hopper-mixing
chamber opening must be elim.nated.

Use of vibrators or pulsating fluted rods at the orifice can
pravent tha formation of the bridga.

The time required to obtain a uniform premix 18 17-19 minutes
vergus 30-35 minutes for atmoapheric blending, but the shorter
mixing time is still longer than the critical time period which is
less than 10 minutes of the Abbe mixing. The critical time period,
discussed in detail later on in thias report, is the mixing time

which will keep the glass flake breakdown from going below a 20 per
cent retention on a 30 mesh screen,

Therefore, because significant increase physical properties
were not obtained from the specimens prepared through this technique,
i additional vacuum hopper runs were not run.

iv,3,2.1,4, Conclusionsg

Abbe mixing is a simple and effective method of blending resin
and glass flakes. Uniform glass wet-out and resin flake distribu~
tion throughout the premix is obtained. Vacuum blending in the
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Abbe mixer reduces klending time, There exists an optimum mixing
range (15 to 30 minutes) below which resin coating on glass flake
is insufficient and beyond which excessive breakdown is experienced.
‘The Abbe mixing process is not as degrading to glass flake sizc as
the other processes evaluated; however, breakdown of glass is a
limiting factor in the utility of this process.

Large batch sizes or higher glass_flake contents_increase-the - —— —-—

rate of flake degradation. Glass flakes must be added slowly to
the Abbe. Rapid or batch addition increases flake degradation.

The larger glass flakes disappear from the premix rapidly because
of Belective attrition of the largest flakea. Vacuum blending re~
quires the use of effective glaas flake and "fines" filtering to
prevent entrance of the destructive glass into the vacuum pump.

iv,3.2.2. Dry Blending Technidue

The original study was performed with solid resins, The tech=
nigues developad in these studies were then used to prepare the
phenolic~glass flake resin syatems deacribed in datail further on
this repoxt,

. _Formulations E-10, Table 9 and E=15, Table 10, were B-staged
nby allcwing the resin batch to solidify at room temperature for a

~bperiod o£“24 -hours;- The resulting B=-staged polymér was powdered
: ieropulverizer; —All pulverized wmaterial ‘passad

FEpp ;";iij;;:j!;;;“_— SENED 020 z‘mﬁi‘" errrRgbone Clagsieier~SerEeN i Ehé pulveriger, :
... The._resulting- pawdar was blended with 50 weight per-cent-of glass " — =
Tae e T ERe AR -&=5000 mi, glass finned flask rotating at 20 rpm for a y

pariod of ona hour, at which time the flakes appeared wall coated. 1

In Table 9 ave listed the details of this expeximent.  Although
gevaral laminates were prepared only a small number were suitable
for testing,

It should be noted that after dry blending, the flake resin
composite retained the low weight to volume ratio (0.05 grams/cc.)
that the flake originally had. Therefore, compression molding
several inches of this material directly after tumbling reaults in
a very thin laminate, After producing E1-10-1, some material was
tested to see whether cold preforming (Munton Hydraulie Ram System
2" preform diameter) of this bulky mixture would reduce 1ts bulk
factor; however, crushing of the flakes occurred (at 500 pai).

Glass flakes were charged into a Patterson~Kelley blender
(commonly known as a V-blender) Photograph 1, and tumbled for a
period of one-~half hour, The action of particle to particle gauses
a static charge build-up on the glass. Either a B=gtaged pulver-~
ized solid resin and a pulverized hardener is then charged to the
blender. The materials then are blended for two hours., This methed
has been uged for the formulation of glass contents of 50, 60, 70
and 80% glass.

Tensile strengths are reported in Table 10 at the 50% glass
content studied. Thin laminates were produced at various curing
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compresston Molding of Dry Blend

Laminate FL~10-1
Procedure:
1, Dry blend for 1 hour

60 wt percent a mioron unclaas;g;gg glasa tlnke

2 Eomprasnion mold for 1 hour nt 300°
10" x 10" Elmes Press
aontact pressure used

Laminate:

1. Dimensions 0.080" x
2,

6" x 8" approx,
Appearance - air bubbles present

some limited flow patterhs of reain

‘Bbzﬁf”mpsrtant‘s 10 -icropulvartzad reuln f;m o
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cyeles. For the resin system studied, a 350°F cure temperature
optimized tensile strength properties using 50% unclassified glass
as indicated in PFigure 4,

Analysis of the dry blends revealed a 3-12% variation in glass .

content, although the batch was prepared with a 50% glass content.
Sampling individual sections of a given laminate points out these
glass variations. All laminates prepared, using any of the blending -
techniques, exhibit this phenowenon. The variation in glass content
occurs during molding, resulting in point to point variations. This
may be one of the reasons for wide variations in tensile strengths
of all tested samples. The "clumping" or glass segregation occurred
because a confined compression mold was not used. Compression mold~
ing between chrome plated caul plates, using stops, doees not suf=-
ficiently confine the laminate during curing. Resin drain~out wasa
observed even at contact molding pressures,

Computed tenaile moduli at the 50% gylass content for dry blended
laminates range from 1.60 to 6.88 million psi. Flexural strength of
these dry blends varied from 9.9 - 16,700 psi, with an average modu-
lus of 2.4 million psi. PFlexural data is contaihed in Table 11,

Void percentages (Table 10) as calculated are low, giving oredenca

Hot praforming nf the dry blended -compounds. has-been- accomplished - -

by subjecting it to & 190~200°F temperature £or a Bhort time under
low pressure, followed by rapid cooling. Molding several of the pre-
forms in a compression press has resulted in fabrication of a 0.180
thick sheet, Even after hot preforming, the precurad apparent den=-
sity is only approximately 25% of the final cured denaity of the
laminate. It is expected that dry blends could be used for filling
intricate, thin-walled cavities, Large daylight area presses would
be required for the molding of thick-walled sections.

-

I )

Tumbling glass flakes with either az catalyzed or uncatalyzed
resin dust is the main principle involved in dry blending, Static
charges developed during blending of the glass and resin aid in the
obtainment of a uniform resin coating on each flake. Catalyzed,
B-staged pulverized resins are preferable because of the shorter
time required to cure them to a hardened laminate. Only a small
amount of glass flake breakdown occurs during this process.

Iv,3.2.3, Plenum Chamber Process

The pienum chamber process incorporated coating airborne glass
flakes with a fine mist. The salient feature of this process is
that it readily lends itself to continuous production.

The plenum chamber used was a 4' x 4' x 8' sheet metal chamber
with six separate sliding hole mounts for the Paasche airbrushes,
The airbrushes could be raised or lowered to give any desired spray

~ to the higher ‘tensile values obtained. - " S




Figure 4

Tensile Strength

vs,

Cure Témperature

Dry Blenda EL-15.2, 3, 4, 5

38.

T

Laminate Tensile Strength x 10-3 p-i

12 ¢+ ¢ Cure Time = | hour o
i . 50% Glass
i1 v e - Unclassified Flake
i " j : 2 Micron Thickness
10 { co
i ) ) ,
ol L
o b
T 1 ; | ‘_ |
6 1 : » ! : r
c 1 : i
5 - N 3 i 3 + —f
100 200 300 400 500 600

Mold Press, = Contact

Cure Temperature °F,




20veeT | g7

§Z-€7 ' 0¥z

2 . |

sfuey a8eroay

P
I

9-0T x tod

SnMpoyy Ternxary |

uoﬂoz.wj_gm‘ L2q &q pezedazg

o istTeron €1

“ IR R ~ sduey IBersay

€-0T1 x tsd

1 wPueng fermxery

,

sagearuiet wﬁ sqtusrg TeITXar Y

¢
3 L,
i

i
_v

_. A ﬂﬁ 3L

:_.
'

,
|
I
|
W . |
M
{0
B L
B R
10 !
4
H ;
ik ,
B ;
b
3
I HE i
I latil

1 L7916 "6 . 8wl

L=51~Td

¥-GI~T2

IO EITIUIPY
ITeuruxery




40.

Javel in the chamber. (Photoyraph 2.) “he plenum chamber was de-
signed to allow venting of the uir precsure Lhrough a filter sock
rather than a screened section of the conveyor pipe for glass
flake.

© Calibration of the resin delivery system, Paasche airbrushes, — ————
. e e ——- ——-and-glags-flake delivery £fom the Agile Cloud Chamber was required
. : - before glassg-resin mixtures could be made, This process was a multi-
- stage batch process, Since most of the samples required by tha
¢ programs were relatively small, no attompt was made to adapt this
atep for continuous production until its usefulness and effective-
neas had been proven.

. The plenum chamber process had undergone extensive development
- from that used in previous studies, Initial trials were conducted
o using aix atomized resins to coat glaas flakes which were air blown
.oy o into the plenum chamber. v :

TR . The usie of liquid spray resin atomizing system showed a defi~
TR nite improvement over the opexation observed when an air gun was
- . -7 . used to atomize the resin-hardener system. Atomization of epoxy
o ‘ - "fesina into a fine mist was accomplished by use of 1000~2000 psi
-pressure developed on the resin before passing through a liquid-
Atonization-noss ring-Systema:Co;-Noi~9501TC, Orifica aika
e =i dsTIvers-Fates-obseryod wara 200/ gi/iinute. |
. ... ... Use of the Very Viscoua-epoxy-resins-resulted in-excessive fomming -~ 3

Watting of glass flake in the plenum chamber, using a liguid
e e e @ PORY BPYAY, was more complete than when air was used for atomiza-
tion. No turbulence was encountered when tha liguid apray was
- : used, Resin wet glass flakes prepared in the plenum chamber, using
: the liquid spray system, still had excessive amounts of air inclu~
_ . ... .8aions and non-homogeneous wetting of glass flakes was ohserved Que
Lo uneven glass flake delivery using the Agile cloud chamber.

A star valve -and hopper was designed, fabricated and installed
above the plenum chamber, Their purpose was to accurately meter
-gqluss flake and deliver the flake by gravity into the resin mist,
Static tests of this star valve metering unit were. hindered by
bridging of the glass flake in the hopper throat just before entry -
into the star valve, A bridge breaking device was installed and

" eliminated this problem. :

iv.3.2.3,1, Conclusions

Sketch 2 is a proceas schematic of the plenum chamber opera~-
tion. All laminates produced with this process have exhibited vari-
ations of resin and glass compcsition within a laminate. Unstable
operation in the plenum chamber was responsible for this, Table 12
lists the typical properties obtained from laminates prepared with
plenum chamber mixed systems. Ao can be seen, the physical proper=
tieg of the laminates were generally poor. The low values can be




Plenum Chamber Assembly
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L3
Table 12
Physical Properties of a Typical Laminate
Prepared by the Plenum Chamber Process
o ;
Laminate EL-16-2-5
Formula - UNOX 207 100
‘Maleic anhydride 13
Trimethyl propane . 10,6
Blend 50% unclssifled flake o B -
- Qure Cyele—--- == L-hour &t }ﬂt?l‘ ‘and U psiprassura . oSl T
N -6 hours at-400°F and 0 Poi prexsure
lehute Thickness 2,11 = 2,15 inches
Density 1.40 Cr/cc
Glass contsnt 31 - 38% A
Void content - 13% 7
Tensile strength '
mverage 3,36 x 103 psi 3 :
range 2,24-4,54-%.10" paj -~ - - e
‘Tensile modulus 2. 06 x 106 pai :
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explained by stating that laminates prepared dxom plenum chamboer
blended materials exhibilted reuin rich and xvesin dry arcas, large
amounts of entrapped air bubbles and many arcas of disorientation
of glass flakes.

Many #f these problems could be eliminated if the _proper fur-
L w_;hen.procuss;ngj—sucr as—calender--orientation @idd vacuum treatment,
T ware used = but the problem on non=-uniformity of glase content
would not he ajded. In addition, it should be noted that the plenum
- chamber requires large volumes of excess resin to wet out the flake,

This resin is sqQueezed ocut during the molding cycle.
;y,3.3,4,' Solvent Cpating Technidques : -

, _ : Throughout the pragram there existed a definite need for re-
e s == - fined golvent &oatinq methods usable for glass flakes. Two areas
. L -of importance aret - (1) coating glass flakes with bonding agents, ‘
e “and {2) coating glass flakes with high-strength solid resins to. !
s nbhtain highexr glass contents than those presently available without - |
degradation of glass flake size, A honding agent shouid impreove {
the strengths of poiyester=glass flake laminates which have bean - '\
lower than the strangth of the resin itself, We believe that this
_abnormality was caused by poor chemical bonding between glasa flake : 1
and the Pclyeater resin aﬂﬁlpqpr -cohegion of the resin binder ayatsm. S

“Th oider Lo upgrade the atrengths 5Eﬂgiés; flake reinforesd‘ ~ A”,j
|
|
1

S Alamina#es hound with polvestar resins, the technigus of coating

A ~ - “dgilmss flakes with Union Carbide's A~1100 silane coating agent was
ovaluated, Glass flakes were charged into the Abbe mixer which
contained 1% water solution of the glass bonding agent., The
temperature of the mixturc was held at 190°F for a one-hour period,
as recommended by Union Carbide. The large excess of water was
drained from the glass flakes and, subsequently, the flakes were
placed in an air-circulating oven at 250°F for a period of six
hours to remove as much of the water solution remaining on the
glass flakes as possible. Thereafter, 50-100 gram batches of the
treated flake were placed in the dielectric heater where remaining
traces of water were volatilized.

The A=1100 treated batch of ylass flakes wag then used to pre=-
pare a laminate using American Cyanamid'’'s polyester resin Laminac
4128 catalyzed with 2.0% benzoyl peroxide, The resultant laminate
wag of decidedly poor quality and was not tested. Evidently,
sagregation of the A-1100 ailane finishing agent on the glass flakes
cauged localized curing reactions. Laminate quality and density
varied from spot- to spot within the laminate.

i Solvent coating of solid resins to glass flake was investigated.
It iz well known that many commercially available solid epoxide
resins have inherently nigher physical properties than commexcial
liquid epoxy resins, However, the method required to combine these
solid resins with reinforcing materials is necegsarily more compli-
cated than the technique used to combine liquid resins with rein-
forcing materials, An approach taken to combine the solid resin




with glass flake was in accordance witih the solvent coating tech-
nigque. A large excess of solvent (acctone) wen used to dissolve
Epon 1031 (Shell Chemical Co.) and the ha wwdener, methyl Wadic an-
hydride resin. The resultant solution (17% solids) was used to

coat the ¢lass flakes in the Abbe mixer. Drainage of excess solvent
followed by oven exposure and dielectric heating was used to re-

'~¢¢m~_~-~~w~-» —-Unevenness- of resin coating on- glass flakes- raanltinq in resin-. --
s 74 o aRA-FEB - SERTVed - RFLRB ;- -DIEFIGRILY Th-Femoving &1} timces- oEWWﬂww_“

muove solvent from the glass flake. A thin laminate sheat was
compression molded from the dry mixture of the coated glass flakes.
Molded appearance revealed the presence of dry. glass flake in
patches where, evidently, resin had been "washed" off the flakes
during removal of excess solvent. Continued efforts to use this
t.echnique for coating glasa flakes were unsuccessful,

(The solvent=~resin coating system has been used commercially
to produce shellac-mica f£lake laminates. The Physical properties

~of these laminates is unknown.)

iv,3.2.,4.1, Conclusions
The process solvent coating is of potential value, but the ef~

fort required to reduce it to usefulness will be extensive and may
prove uneconcmic. .

solvent without overcuring the reactive reain syatem, This system

| may e used if thermoplastic redifi Bifiders are to be used., Binding

of individual glass flakes into books or "plates" which are deqraded
during the molding cycle.

I¥V.3.2.3. Gentrifwogal Rlending

The basic principle involved in the centrifugal process is the
flow of resin from the center of a rotating centrifuge to the ovuter
wall as a result of centrifugal force. As the resin seeks the
maximum diameter, it comees into contact with glass flakes charged
into the centrifuge at the start of the operation, and thereby
"wetting" of the glass flakes is accomplished.

Although a basic advantage realized, using this process, is
accurate, control of the charge ratios of glass and resin since it
is a batch process, a disadvantage is that mixing times required
have been one hour for 200=-400 gm. batches, DBven at the one=hour
mixing times, insufficient wetting of the glass, flake clumping,
and inclusion of air pockets have been observed. The laminates
prepared, using the centrifuge process for mixing glass flake with

resin have not given outstanding tenslle strength properties
(3-10, 700 psi).

A 6-inch diameter cylinder mounted on a two-speed motor (1850
and 4800 rpm) was used for the centrifuge studies,

In Table 13 a summary is given of the laminates prepared from
premixes made in the centrifuge; the processing data for the first
centrifugal blend is shown in Table 14,
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k7.

Formulations

Epoxide and di-epoxide resins e

JD510 - Epi Rez 510 - Jones Dabney Co.

JD504 - Epl Rez 504 - Jones Dabney Co,

U207 - Unox 207 - {di~epoxide resin) - Union Carbide Plastica Co. -

Curing Agents

HHPA - Hexahydrophthalic anhydride - National Aniline Div, ~Allied Chemical

DMP-10 - Accelerator - Rohm and Haas Co.

MA - Maleic anhydride - Americ'nn Cyanamid

| TMP « Trimothylol Picpane. - Heyden Nawport Chemical Co, =i

~ Initial Gl ase Content

Refers to weight per cent of glass flake charged

Initial Glass Size v - unclaasifisd
4 - retained on 8 mesh screen
-8 - ' paasing through 8 mesh
+16 - retained on 16 mesh acreen
16 - passing through 16 mesh screen

Cure Cycles

Pressure, psi C

Contact pressure used during cure

Tensile Strength

Tensile strengths determined in accordance with ASTM D638 - 58T
Flexural St rengths
Flexural strength performed in accordance withASTM D790 - 58T




TABLE 14

Compression Molding of Centrifuge-
Produced Blend

Procedure:

282 grawms E-12 resin
2. Resin and glass admitted periodically into
: centrifuge; 20 minute mixing cycles; remove
resin-wet mix from centrifuge walls and remix
3, Total mixing time - 1 hour

4. Resin temperature during mixing - 656°C

Cure:
1, 10" x 10" Elmes Press
2, Contact pressurs to close'

‘3. 200°F 1 howur . B

at 500 pai

4, Resin drainoff during cure

Laminate:

1, Dimensions 0.183" x approx, 7" x 7"

Properties of Cured Laminate:

Tensile Averagé
Sample Strength psi Tensile Modulus
1 6,800
2 8,050 3.63 x 106
3 11,800

Glass Content
before molding

50%

Molded Density
1,86 E%%QE— average

gas Occlusion volume ¢
approximately ~ 14

after molding
78,5% Average

b _ 1,282 grams-ungraded-E-glass-flake——— - —— " "~

¥




49,

Glass flake was charged into the vertical centrifuge: thereaftur,
catalyzed resin was added at the center and rotation of the howl
begun at 4800 rpm to promote dquicker mixing through resin flow.
This process was developed in previous 0lin contract 6.

Mixing times were one hour with stops at 15 minute intervals
to remix the high resin content glass mixture which had segregated
to the maximum diameter of the centrifuge, back -to-the center-of--——-"""""
- ————the-centrifuge, The time required for the remix step was one minute,

Inasmuch as mixing times are one hour, an alternate resin system
was chosen which had lengthened pot life at room temperature and
. also a low fluidity or viscosity. The formulation used was Unox 207,
a di~epoxide. :

Iv,.3.2,5.,1, Conclusions

Laminate properties for laminates made with centrifugally
- prepared premixes appear in Tables 14 and 15 and compared with othex
materiala in Table 16. It should be noted that various degraes of
resin squaeze out occurred giving 31-72 weight per cent glass in
the Einal laminate,

‘Generally, laminate strengths are low; laminates produced were
migoriented and contained voids., Averagc ' minate tensile gtrengths e ]
. va:ied _from. 4. to-111800~pst~at~varyinq*qlaa,"contant._%M"»‘ e

T T e

" The 1ong blend time required to cbtain a complete and unifors - -
mix combined with the diffigalty in preparing blends with glass flake
concentration above 50% caused us to terminate this phase of the
program. We believed that concinued efforts would not yield an-
economic and reproducible process,

Iv.3.2.6., Two Roll Milling

Attempts at using a 2-roll mill as a means of blending glass
flake with resin were unsuccessful, The resultant premix was
noticeabhly inferior and contained a much higher "fine" content
than those produced by other blending methods evaluated, T

A small quantity of fluid catalyzed resin waa poured onto
the moving 2=-roll mill,. The nip clearance was reduced to a minimum
to prevent excessive resin drip from the rolls, The glass f£flakes
were slowly sprinkled onto the moving roll until all visible resin
is absorbed, The process of alternately adding resin and flake is
continued until all the ingredients were blended,

"Wwet out” of the flakes by the resin became increasingly
difficult as the batch size was increased, Excessive glass flake
breakdown was noticeable almost immediately,

IVe3,2.6.1. Conclusions

The 2=-roll milling of glass flake i3 a poor mcans of combining
flake with resin, The dry, brittle glass flake is subjected to high
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shear when 1t passes through the navrow gap between the rolls.
A very rapld (glass flake) degradation rate 1is experienced,

The 2~roll milling process exhibjited an interesting phenomenon
in that flakes in the masa after complete blending apparently became
oriented. It was this observation which lead to the construction
and evaluation of the other calender process system,

The rate of flake degradation experienced in 2-roll blending
is increased as the glass flake content is increcased. Most blends
were cvaluated at a 50% glasas flake content. It was noticed that
as the last of the glass was added degradation increased rapidly.
This increase was accelerated 1f the glaas flake content of the
mixture was in the range of 60% or -70%.

Iv,3.3, Premix Processing

In preparation of laminates evaluated early in this program,
great difficulty was encountered in obtaining specimens free of
internal flaws. It was decided to devalop intermediate processes
for conversion of premixed flake~resin systems into moldable forms.

It was expected that resin flow, air entrapment, glaas disorientation,
and resin wet out problema could be relieved somewhat by such pro-
cesalng, To this end, processes for -preform preparation, calernder
orientation, dielectric -prehesting, extrusion and 1njecﬂon_mnlding

oo ware o gvaluated.. Exdallentmzeaultsmware_ohtaggggmwhgnwugt;gggmixga

‘were processed by calendering, and gond laminates were mada from
Agdialﬂntriaally he&ted preforma oF dvy: bl!nai;‘f;, """

Iv,3,3,1, greforming of Premixes

The preparation of cured glass-laminate sheets in thickness up
to two inches, was difficult. Proper orientation. of the glass flake,
removal of the occluded gas, and uniformity of cure in a single molding
oparation were not obtainable, It was correctly poatulated that thin,
well-oriented and partially cured (B~staged) sheets could be stacked
in layers, pressed together, Pertinent detailed data related to the
initial formulations and procedures studied are given in Table 16,

The epoxy=-acid anhydride system at 200°F, had an induction
pariod of about 55 minutes to one hour before incipient cure atarted,
Thereafter the curing rate whs so rapid that the cure had advanced to
an infusible state within 5 to 10 minutes, These sheeta would not
bond when stacked at a higher curing temperature.

Water cooling of the platens or cooling the mold in dry lce
satisfactorily arrested the advancing cure, Both methods were
usable, but the dry ice cooling method was more troublesome, and
the preform was more difficult to remove from the mold,

Curing induction periods from batch to batch were variahle,
The proper control of handling and arresting the incipient cure of
the EL-23 resin system (Table 17) required too much dcocvelopmental
attention to be considered further. Aan alternative approach using
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54.

the wet resin system to B-stage the cpoxy preforms with meta-
phenylene diamine as a curing agent was then tried.

 The technique

developed was based on the preparation of the

premix in an Abbe blender after which the wet blend was permitted
to B-gtage over a 24 hour periocd., The loovse, bulky mass became a
hard friable material which was broken by hand or chopped mechanically.

It _could then be charged into the preforming mold, The material was_

subjected to low pressures at temperatures slightly above the softening

point of the resin

formed were slightly oriented, low atrength, poorly compressed

1am1nates.

The preforms were then layerad to produce laminates of the

proper thicknesses

soveral disadvantages which resulted in discontinuatlon of this

process,

The resin system (100 parts Epl Rez 510 and 14 parts mata-

phenylene diamine)

. resin which dry blended with glass flakes.- The higher degradation
of flake size during Abbe mixing was eatablished, as was the
relatively low glass flake degradation resulting from dry blending
of flake, Therefore, this process produced laminate with smaller
flake aize than the dry blending process. In addition, dry blending ,

- “}'.f;‘_‘ Df the systeﬁ s‘ﬁbjeétéd thé quBE ‘flhké”ﬁ““two,‘_lfﬁi PEGEEHF ﬁGPHT R

“fhe-loose, nen-oriented. resin—flakes wara charged into the

“hented mold cavity.

for limited periods of time, The variables of preform temperature,
preasure and time were depandent upon the resin asystem used in the
premix, Typical examples of various systems follow,

Preform Molding Parameters = Dry Blends

System
" Epoxy~Amine
Phenolic

Egsentially minimum pressure, temperature and time required to
compress, soften the resin, lightly bond and orient the gqlass flakes
wag used, There exists a moderate degree of freedom in choice of

preform conditiong,
in sheets in which

therefore cannot be formed into laminates, Less than minimum

preform conditions

strengths, poor orientation, little bulk compression and are Aiffi-

cult to handle,

binder system. The preform sheets which were

in gupsequent moldings. This system produced

was also used to prepare the pulverized B-staga

1

The mold was closed and low pressurE”Epplled

Table 18

Temp,, °F, Time, Seg, Presgure, psi
160-170 15-30 200=250
270 ) 5 200

but too high temperature or pressure will result
the resin is too highly cross-linked (cured) and.

rasult in weak preforms that exhibit low cohesive




Iv.3.3.1.). Conclus ton“

The preform process was used to process oll the dry blended
rhenollic aystems. Of the three proemix systoms proeiormed (welb
premixes, wet premixes B-~staged, dry blended systews) only the
dry blended system was used in laminate preparation and evaluation.
The wet premix systems are difficult to preform and present many _

- ——difficulties, such a8 resin and glass £low during the longor preform
process, The second method was effective but found to be far inferior
to the calendering process which was subsequently developed, therefore
it fell into disuse.,

The dry hlended preform is a low strength, friable, fragile,
wafer which is atill highly uncompressed, It was deteramined that
] if quality laminates are to be produced from dry blended gystems, good
prcformn were rnecessaxy.

Ive3.3.2. Calender Orientation

1v.3.3.2,1, Prototype Evaluation

Calendering of dry blends and epoxy premixes was initially
performed by depositing the premix in the nip of the 6 x 3 Farrel
Birmingham 2~roll mill adjuated to rotate at 4 fpm, A parting £ilm
R wnsg-used to-prevent- stioking-of-the -premix to the calendering ralls~**““”“f
i ThE premix wis calandarad- batwasn- the pareing £iim-using-cold rolle: ="
] Sheets that were produced in this manner wexe cured in an ovan and ;
e molded in a compression prees. . T

Sheets of various thicknesses were prepared, 8Sheeat quality
at a given thicknsas was dependent on glass content. The 40=50%
glasy content premixes formed oriented, smooth sheets, As the :
qglass content was increased to 60%, the calendered sheat thickness
dalaminated immedlately after calendering to a thickness larger than
tha rolls gap used, At these glasa contents, it was noticed that
the glass flakes did not adhere, allowing air voids to become
dispersed into the sheet after calendering. Evidently at the lower
glass contents of 45~50%, the surface tension and coverage of the
recin hold the flake composite together.

Calenderina development using the 6 x 3 Farrel Birmingham
2-roll mill was retarded because the 4 f£t/min, calendering speed
weg too fast to allow required control of the sheet using our present
premix systems. A hand operated 2-roll calendexr was constructed to
11low calendering speeds which would be slower. 7The process conaists
»f depositing a resin wet premix from the Abbe mixer on a carriler-
wavting £ilm which passed through the nip of the calendering rolls
idjusted to a desirable gap,

Using the new small calender, 0.004 in., 0.009 and 0.040 in,
(thickness) shaets containing 50% glass with an npouy binder were
ci:lendered and cured, A parting film of cellophane wias used during
the oparation, The epoxy premix was not dagassod, ond as a result,
the cheets formed had characteristic ailr inclusions. The calondaored
shaoet exhanded after leaving the nip of the rolls, The poor cohesion
of the zesin in the glass preaix was responsible for the rhoncaernon,




56.

In Table 19 the results are reported which were obtained when
attempts were made to calender dry blended premix systoms. 'The data
shown indicates that calender-orientation of dry blends to be a
feagible process. The calendered sheets were c¢ohesive strips which
were suitable for compression molding. This phase of the pProgram
was not continued because of limitations in the available equipment,
{The 2-roll mill was not suitable for pProcessing dry blends because
¢f_the_relatively high speed-of_the rollers and-the -deferentijal-speed ——

32,3;3,2,2, Roller Calendering -

.upon process applicability indicated that roiler calendering would .

of the rollers. The work could not be continued using the new
roller-orientation assembly because the rolls were wood and could
not be heated.) - :

The combination of a low glass flake degradatior resin hlending
process and orientation-compression process for dry blended mixes
should be evaluated further, We believe that higher tenaile valueg
could be obtained if non-degraded flake were present in the laminates.
This—process combination offers an opportunity to obtain flake

laminates of higher quality,

The feasibility of orienting different thicknesses of ghaet
using the roller-calender and tha effect of glasa f£flake concentration

be a suitable proceas for glass flake premixes, .

---_thickneses B-stage calendered-sheets; A-complete-flake sime dimtri-— —— -

‘bution study using classified flake was thén performeéd to evaluate

e e T r

process induced flake degradation levels. Thigé study is presented
later in this report, T .

The calendering orientation process produces flat sheet materials
using the assembly illustrated in Sketch 3 and Photograph 3,

A modification of the mbove technique eliminated the use of the
ram extruder feed mechanism to deposit the glass on the parting £ilm.
The loose non~oriented glass flake was hand packed on tha conveyor~
parting £ilm, The flake was laid in a continuous strip 7"-8" wide
and 1/4"=-1/2" thick.

Flat oriented wet flake premizes which had been processed to
1/16" thickness were reprocessed through the roller assembly with
reduced nip clearance to produce sheete as thin as 1/64" thick,

Many batchés of epoxy=-glass flake blended in glass flake con=-
centrations of 50%, 60% and 70% have been processed by calendering.
Batches of epoxy-glass flake (50/50) blends that have been processed
by calendering into sheete 0f several thicknesses exhibited excellent
orientation of the glass flakes, Laminates 0,.150" thick have been
produced from multiple layers of their calendered sheets which
exhibited no visible signs of disorientation and no flow or knit
lines, The laminates, exhibited the most transparency of any
produced in this program.
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Some of the physical test data obtalned from the highly oriented
50/50 epoxy-glass laminates produced from calender-rolled B-stage
sheet material are presented in Table 20,

Glass flake epoxy resin blend (60/40) were calendered and sheets
of the material molded into 3/16" Jaminates, The flat laminates were
free of entrapped air and are highly oriented. 7The specimens exhibit
}-————-—-——————— —nmoha of the pearl opalescence assoclated with mis-orientation or
non~-wat out flakes,

The 70/30 glass flake epoxy resin blend was calendered into
sheets 1/16" and 1/32" thick. The B-stage sheet produced by the
70% blends were not the compacted transparent, uniform sheet obtained
from processing lower glass content premixes., The batch did compress
but, because of the high glass flake content, once it waa past the
last roll it became a relatively loose oriented sheet, Apparently,
the higher glass content adversely affaected the handling characteriatics
of the B-stage sheet,

To determine if the high quality of the laminates which have been
molded could realistically be attributed to the use of tha orienteq,
flat B~stage sheati, the oriented B-atage gheeta were divided into
equal partsa, The flat, oriented BR-stage sheats werae dielectrically
: - "heated for a uniform pariod of time. The dielectric treatment
SO - moftened the B-gtage resin-to produce pliabls sheets., One pile of o
s e e e e e BROBES-WAS-SaYEfUlly-plaved in -ehe ROLA-ES ‘énsure-that the glass flake
. orientation was undisturbed prior to mold closure and cure. The
50/%0 glass flake<gpoxy laminatsd prodiced was free of all visual o
defacts such as dis-orientation of flake or air entrapment,

The second group of orlented sheet was rollad into a ball by
hand prior to being placed in the mold, The balling ¢f the flat
sheets prior to cure produced relatively poorer quality laminates,
The iaminate was still transparent and free of entrapped air bubkles
but many dis-oriented £low lines and pearly opalescent areas denoting
mis=-orientation were visible, : _

The results indicate that elimination of turbulent flow during
molding through uase of oriented B-stage sheets produces laminates
which are virtually free of all mechanical defects,

In Table 21, the effect of this processing had upon the glass
£flake gize distribution of the premix and resultant laminates i=s
shown., The data indicates that calender-orientation is a non-flake
degrading process and produces visually superior laminates,

Iv.3.3.2.2.1, Thickness Study

The parting paper may be removed f£rom the roller oriented wet
sheets if the sheet material is cooled below 10°F, The cochesive
strength of the sheet is increased so that handling during subsequent
processing is less difficult, Laminates have becen molded containing
7-8 layers of wet non-B-stage sheets processed in this fashion.
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63,

Regardless of non-uniformity of sheet thickness, the quality
(orientation of flake, freedom of visible flaws and entrapped
air bubbles, cnlor and lack of opacity or pearl opalescence) of
the molded laminates was superior to laminates of equal thickness
produced from the loose bulk premix,

|

Preliminary -physical-test-data--obtained from-two-laminates - — ———-——
are presented in Tables 23 and 24. Examination of the preliminary
data reveals that a significant ingrease in tensile strength and

. compressive modulus have been realized. The increased tensile

“-Fegtage calender oriented sheet-materialz - are noticeably supertor—

-effectiveness, capable of continuously producing oriented compressed

strength is still below the 25,000 psi value.
4

iv,3.,3.2,2,2, Conclusions _
Rollar calendering has bean davéloped to a high degree of

glass flake sheat material. The versatility of the technique is
sufficient to permit processing a range of sheet thicknaesses without
effecting glags flake size orientation, The processad sheaet may be
B~staged prior to lamination although an affective means of laminating
wat uncured sheets has been developed,

o e viBual quality of the laminates produced from wet and e

1
to similar laminates processed through other mechaniams or techniques,

Indications have baen obtained that this proceass could be an
effective means of producing molding materials capable of molding
complex shapes such as radomes, rocket exhaust nozzles and practice
nose cones and a wide variety of products requiring superior
dielectric properties which would ba free of most of the flake

disorientation and flow line problema now encountered in most glass
flake molding. '

Optimization of the calendering technique requirea that the
reduction of nip calender roll clearsnce between successive pairs
of rollers be gradual, Therefore, to increase the effectiveness
and efficiency of the asgembly the number of pairs of calendering
rolls should be increased to permit this gradual reduction in nip
clearance., An assembly with ten pairs of rolls is presently believed
to be adequate, The first two pairs of rolls would be corrugated-
metering rolls permitting the direct addition of non~oriented £lake
from the mixer onto the conveyor,

The rate of decrease in nip clearance is critical. The glass
flake resin system as it passes through the nip roll is compressed,
If the nip clearance is decreased more than 1/16”, a heavy resin-
flake bead or wave forms on the feed side of the roll, The effect
of the bead 1is two-=fold: (1} the turbulence in the bead causes
breakdown in glass flake particle size and (2) it increases drag
on the roller assembly,
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The processing of all these systems was accomplished with no
difficulty. Control of roller nip clearance and redesign of some
of the components of the assembly have eliminated many of the
mechanical problems previously reported.

_1v,3.3,3. Dielectric Preheating

Dielectric preheating has shown unusual usefulness for preheating
of many industrial thermosetting compounda, The use of dielectric
preheating has made the technicue of transfer molding thermosetting
compounds feasible, It has been speculated that the use of dielectric
preheating of glass flake premixes would result in cured laminates
with greater uniformity of physical characteristics. Heat transfer
properties and temperature gradients throughout the paxt being molded
differ widely when thick sections are molded. Thia results in a

cured piece that haa mechanical properties that may vary with the -

part thicknesa, i.e,, the center may be undercured and be very weak,
while the outer edge, having been cured normally, would exhibit
predicted properties.

" The Futuramic Molded Products, Hartford; cOnneoticut, cooparated

in permitting a few preliminary tests and & brief study of the

usefulness of a diaelectric heater at their facilitiea, Since the

—producticn-plant-was-not- equipped*w;th~teat«#aqi&it;onf~tho~:-;ultp——m___m:

BESLASR-by-shaarvativrand-pot tanigurature-raadings;.
j&%é ﬁpaxg dry bzand’aantatntng'70%49&3:: £1ake was unxto:miy

haated vo 170°F, und 250°F. in 20 and 60 aeconds respectively

(Table 25). A temperature of 300°F, was reached in 150 seconds with
local overheating, as indicated by acorehing, Aftar haating for

20 seconds, the premix was tacky and could ba compressed readily

to a bulk volume about twice the f£inal molded volume, Aftar heating
for 60 seconds, the blend could be further compressed, but the cure
seemed to be advanced too far to allow any time for process handling
or making satisfactory preforms (Table 2&‘

The dielectric heater settings for the dry blend, heated the
wat blends too rapidly, and the temperatures attained were above
300°F. with localized scorching. The high resin content became
heated@ at a higher rate than did the lower resin content mixes, as
fllustrated in Figure 5., To retaxd the heating rata, an aluminum
spacer waa placed between the 70% ¢lass premix and the electrode
of the unit. This technique proved aeffective in controlling the
heating rate,

These few preliminary tests established preheating parameters
and showed that dielectric heating is feasible and desirable for
making usable preforms from dry biends and heating thick sheets of
wet mix to a uniform curing temperature before applying pressure
in a heated press,
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Figure 5
Temperature of Glass Flake-Epoxy Samples
v8, Exposure Time in Dielectric Heater
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TABLE 26
SUMMARY OF RECOMMENDED MOLDING PARAMETERS FOR EL-15 SERIES

Preforming Molding Cycle
Pp Pg | Pp Crp Co [ Mp. | My Mp
160-170 . 15-30 200-250 | 240-~370 0~2 | 240-370 2 - 30

Keys

_Pp = Preforming temperature, °F.

:?§“§”?EEE6iﬁ1h§WEIMé;”EécOnééJ";’“”“"'“'“' -

. ' ’ Pp = Preforming pressure, psi

Cg = Time in which preformed dry blend is allowed to come to
molding temperature at contact pressure, subsequently
referred to as contact time, minutes.

Cr = Contact temperature

Mp = Molding temperature, °F,

Mg

"p

il

Molding time, hrs,

Molding pressure on 4 1/2 inch ram, tons
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IV.3.3.3.1. Conclusions

The dielectric heater (Photoéraph 4) was used throughout the
later portion of the program and was found to be a very effective
process tool. The heating of premix charges and oriented sheets

e —o—.—__4n_the_dielectric heater has proved to be vastly superior to relying

upon mold dwell time to prehea% the laminateés, The laminates axe

effective insulators and do not conduct heat readily. Thereforae,
dwall time preheating often results in premature and local resin
cure,. This problem is elimxnated through proper use of the dielectric
preheater,

IV, 3,3:4, Extrusicn

The purposge of this phase of the program was to determine the
feaasibility of using extruders to process preformed glass flake
shapes, Cure of the preforms could be accomplished at the time of
extrugion or in a later process step.

The advantages of such & process would be continuous production

~of an intricate shaped profile which is a finished or semi~finished
" product, If delayed cure of the shape were possible, cure after

insulation and even. resin bonding to the total component may have

b&en posaible; . , e S

The-process wag to be avaluated using a splral sorew extruder .

and a ram extruder (injection molder), The use of two extruder
syatems would permit comparison of the degradation effectas of the
process upon the glass flake premix, _

The extruders were to be used with premixed systema and nat
as methodas of blending flakes with resin binders,

Investigation of the applicability of extrusion of glass flake
premixes with theimosetting binders was avaluated with the two
separate development trials.

Approximately 2000 grams of a 50% glass flake~polyester resin
premix was prepared in the Abbe mixer for three test runs in the
1-1/2" MPM extruder, Photograph 5 showa the equipment used, (In
the picture 1s a pipe die and the 3:1 compression ratio used screw
during the study,} The polyester premix used consisted of
Laminac 4128 (American Cyanamid) and benzoyl peroxide, 1% (Cadet
Chemical Company). This premix wae extruded in the following shapes:

(zr) Sheet - a 3 inch adjustable thickness, right angle die was
uged. Sheet could not be extruded continuously at any
thickness from 0,016 to 0,040 and at four screw speeds,
the difficulty being that the extrudate would not cohere,
and also that the material extruded intermittently from
various sections of the 3 inch slit,
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Photograph 5

Cne and One-half Inch MPM Extruder
With Pipe Die and 3:1 Compression
Ratio Extruder Screw
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(b) Hollow Pipe - a one-inch diamcter right angled pipe die
with mandrel was used to attempt to extrude a hollow
pipe continucusly. The sowme difficultics experienced
with extrusion of sheet were also encountered here;
the extrudate was not self-supporting.

(c) Solid Rod - a 3/16 inch diameter rod die was then installed

Extrusion of this solid shapa wWas more
successful than the other shapes investigated. A con-
tinuous rod was extruded for a short period. (Extrusion
was too erratic to obtain rates,) Screw speeds of 13 rpm,
39 rpn, and 78 rpm were used, The extruded rod had a
£fluffy appearance because of low die preasures, brid¢ging
of tha premix in the metering zone of the extruder screv,
and poor cchesion,

The attempt to extrude a polyeater glassa flake premix through
a sheet film die, a tubing die, and a rod die, was unsuccessful
because of poor cohesion of the glass flake premix after extrusion,
It was postulated that the use of a smaller glass flake size in tha
premix would aid in the obtainment of a better extrudad shapa,
Additionally, low die pressures were believed responsible for poor
compacting of the premix during the formér trial, An extruder screw
with & higher compression (5:1) ratio was cbtained and a device to
force feed tha first feed zone of the extrudex was fabricated and-

. . installad. . (An extruder screw with a low-comprasaion ratis of 3l-

was used for the first trial; premix feedinq diffieulties had been
eneegntered at this time;}

Por this study, a premix” containing 50% of -16 mesh glass flake
with an epoxy binder was extruded through the 3/16 inch diameter rod
die which had shown the mzzt promise during the last run, -

The premix was extruded continuously at ambient temperatures,
at rates of 2,3 and 52 pounda par hour, At both the high and low
rates, the extrudate had poor self-cohesion, At the 2,3 1lb,/nr.
rate, unhomogeneous extrusion of the premix was observed, while
extrudate uniformity at the 52 1b./hr, rate appeared excellent.

The force feed mechanism opsrated satisfactorily assuring constant
fueed to the feed zone of the extruder screw, The extrusion operation
was carried out at ambient temperatures to prevent polymerization of
the thermoaetting premix within the extruder barrel, Although the
rod die used was equipped with heaters, these were not used Bince

a one hour retention at the curing temperature would have been
necessary to induce polymerization of the premix to render it solid.

Table 27 presents operating data for this run.
Photograph 6 illustrates the appearance of the glass flake mix

as it is extruded through the rod die, Photograph 7 shows cured
extrudate yields from the 3/16 inch diameter rod die.

* Refer to Table 27 for formulation,
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Photograph

Extruvdate Appearance
" During Extrusion
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Photograph 7 o
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Extrudate Appearance After -
Extrusion and Curing




78,

To determine the applicability of injection moldtng glass flake .
reinforced plastics, a Van Dorn injection molding machine pictured
in Photograph 8 was modified for developmental tests. -The Van Dorn
injection molder is designed for the rapid molding of thermoplastic
resing., Inasmuch as thermosetting resins were being used as binders,
the following modifications were made:

All the band heaters which preheat the molding compound in the .
preheat barrel prior tec injecticn into the heated mold were dis=-
connacted., This action was taken to prevent polymeérization of the
thermosetting resin system within the barrel. The die only, as ASTM
standard tensile bar configuration, was heated, The clamping head..
which houses the sprue and sprue bushing was not heated in order to
prevent conduction of heai to the injection nozzla,

A premix containing 50% glass flake and 50% Laminac 4128
. (American Cyanamid) polyester resin catalyzed with 2% benzoyl
:pnroxide was used for the trials.

_ fThe factors of short cure time and 1ong pot life wera the baais o
ofor choosing this resin syatem over any epoxy, phenolic, or silicone
resin bindaer, T @

. ’j CR A_A,Theonormaldngolingooﬁ.thia_ingeotion.moldingAmaohinsALsAug TR E———
L fellowa s cpeklat thermoplagtic. rasin {4 stored in e cHambayr 8- .-
the rear and above the preheat barrel, At a preaset cycle timo, tha
IR FBOEIOR BAN-With
allows a cartein volume of thermoplastic to entar the heating barrel.
During the remainder of the cycle, the resin is advanced by the
- intermittent plunger action through the heating barrsl and rendered
molten, At the laat atage of the cycle, the two heated die faces are
clamped together under pressure and the ram injacts a fixed charge of
Inolten reain through the sprue bushing into the die which is at a lower
temperature than the preheat barrel. The molten resin then "freezes"
in the die and is automatically ejected from the die, Production
capacity of this machine rangea from 20-60 molded parts per hour
depending upon the resin used and the molded weight of each part,

During the trial run, difficulties were encountered in the
feeding of the premix in the barrel of the machine. The material
continually bridged and had to be forced inte the barral cavity by
hand, After the barrel of the unit had been filled with premix,
it was injected intoc the clamped tensile har mold and cured for a
pericd of 10 minutes, When the die was opened, it was observed that
the £111 of the tensalle bar cavity by the premix was insufficient.
Additionally, the premix had cured in the sprue and sprue bushing
even though the sprue bughing was not heated. The exothermic curing
of the premix in the die had evidently propagated curing in the
injection nozzle of the machine, (Ordinarily, with a thermoplastic
resin, the filled sprue cavity is ejected with the finished part,)
In this case, several hours were required to disassemble and remove
hardened laminate from the sprue bushing, Table 28 presents
operating data for the trial run,

zuz
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Van Dorn Injection Molding Machine
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In congideration of the operating difficulties experienced, it wasg
concluded that injection muiding machines are probably incompatible
with thermosetting plastics requiring lengthy curing times. Work
was discontinued on this phase.

IVe3,3.4.1, Canlusions

The extruder runs performed demonsatrated that this method of
fabrication at glass contents used was not feasible, Tha polyeater i
and the . epcory kinders used typify the handling characteristics .
encountered with premixea made from any of the four resin systems = - |
under study, Poor cohesion of the extrudate when formed into sheet, - =~
hollow rods, tensile bars, or solid rod shapes has beaen the principal
problem. Long thermoset resin cura compared with the normal thermo-
plaagic rapid coolinq-hardeninq properties alao preaents major
problemsa.

In essenca, complate machine redesign would be necesuary to :
extruda thermosetting compounds, For theae reagona, it is concluded
that the process of extrusion of thermosetting glass filled compounds
is not amenable using atandard thermoplastic extrudihg machines,
Developnent work on the extrusion phamse was digcontinued as a result-
of these poor results, - Thig abandonment permitted additional- umphani

_gn.p:agens_dewalopmanhﬂfor_taohn&quat»having qrentarrpotcntta; dnte

T e =

i ,_."‘f"i'.-’ . N I , - o LT ]

The work described in this saction encompasses the axporimcntal
and pilot plant developmant of the usde of glass flake-resin mixtures
in convantional plastic processes, Screening sxperiments with .
comprassion molding, rotational molding, centrifugal casting and
extrusion ara repertad, As a result of these studieg, axtensive
‘plleot plant affort was expended in developing useful compression
molding and centrifugal casting processes, The davelopmants coupled
with our success in davising intermediate steps of mixing and flake
orientation led to the preparation of high qualiey laminatea.

3,4,1 Comprensio oldin

The bulk of the laminates deacribed in this report were produced
various compression molding proceases, All but two of the complex
molded items reported in Phase III ware 2lso compression molded,
tompresglon molding conaists essentially of placing premix into an
opan heated mold cavity, c¢losing the mold and applying pressure to
tho premix causing orientations, compression and cure of the system,

JV.3.4.1.1, Thickness Study

The objective of this phase was to study the molding charac-
terisitics and the mechanical properties of simple flat slabs com-
pression melded from glass flake reinforced premixee using either
aupoxy, polyester, phenolic, and silicone resins as binders, Thick~
nesses of the slabs ranged from 1/16 inch te 2 inches, (Photograph 9).
two glass contents, 50% and 70%, were used in the premixes,
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This study was porformed with non-oriented preformed materials,
A similar study, using roller calendered sheets having nearly
completely oriented flake was performed late Iin the program.

The reasons for this study are several fold: (1) there are no
published data relating to the molding of glass flake reinforcaed
plates thicker than 3/4 inch. (2) The mechanical strengths of varied

thicknesas moldings would have to be determined for ultimate design
usa, (3) An objective of the program 1ig to determine whether thick
pieces could be produced.  Many industrial plastics cannot be produced
in sectiong thicker than one inch because of loss of physical
preperties from exothermic overheating and stress cracking during or
lmmediataely after molding.

A standardized mixing technique was used to prepare glass flake
premixes for the four resin systems evaluated except as noted later
in the text. A preweighed charge of reain and catalyst were mixed
in a five~gallon Abbe blender until homcgeneous (about 1/2 hour).

The glass £lake, 1n the appropriate weight to provide a 50% of 70%
{(weight) glass content, was added slowly to the fluld resin in the
ST . Abbe blender, Mixing was continued at a 40 rpm blade speed for a
SR ‘period of 30 minutes, - The mixed batch was discharged and prepared
o ‘""”M,for tha compression molding operation either preforming of the. premix
: 1nto ‘thin. aheeta followed by B-staging or charging the bulk premisx
@ -heated fold; - The latter-techniyjue-was used for —

s b AT B D
= prirbﬂnqﬂn'whtdh“the*rczhr%ﬁnacr'coulﬁ“not “Tres - ﬁwafigci‘fpuiyuzfur; B
Lo - - o e e Bl CoRe) 5o o~ -

The epoxy resin formulation consisted of a 75/25 mixture of
Devoe & Raynolds=Jones Dabney Epi Rez 510 or 509 and 504 cured with
'shell Curing Agent 2, a eutectic blend of amines, The 50% glass
premix was prepared in the 5-~gallon Abbe mixer under a 1 mm. Hg
(ahgsolute pressura). After mixing, the premix was discharged into
a flat 1/8 inch thick sheet and allowed to cure at room temperature
ovarnight to the B-stage. The sheet was then broken into smaller
pieces and charged onto a Cumberland granulator with a 1/2 inch
punched plate discharge screen, The granulated material had the
appearance of a dry, general purpose molding powder, which was
pubsequently charged into the preheated 7 x 7 mold, (As learned
shortly afterward, thisz material could be dielectrically preformed
and preheated prioxr to molding using a procedure standard for many
other reinforced molding compounds.,) The 70% glass epoxy premix
was molded directly in the 7 x 7 mold without B-staging,

The same mixing technique deacribed above was used for the
polyester system except that the vacuum employed was reduced to
20 mm, Hg absolute pressure (to prevent "bolling" off of the higher
vapor pressure components of the polyester resin system,)

Since polyester resins under investigation cannot be B~staged
to a hard material capable of being reheated and curcd as can the
epoxy resin system, the resin wet premix was molded after discharge
from the Abbke mixer, The required amount of glass flake reinforced
premix was charged into the preheated mold and molded at the pre-
d2termined curing ecyele., The polyester glass flake premixes have
Lheen consistently more difficult to mold because of high resin
dAranin~off and have also given repeatedly poor tensile proportics
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‘.'nolc‘.‘.f.?d parts of the pradie= exhiblted blistering and delonin
nphele was redirectodtory the use of dey blending tCochnlga s o
prepare blistex-free phawmmldc glass fla)w laminates,

GJ.E\.‘&:S flake was adbol 0 & Patterson-r:fulmy vV blendoyr and
tumbled for a pexiod oformme hour prior. to addition of the resin to
develop a static charge. © pulverized phenolic resin, Resinox RI 4009

(Monsanto Chemidcal Compiymy) , wais then added. A t:wo~hour dry hlendinq
S time waa nﬂod

Tha dry blended pnoncmol:.‘!.c glags flake premixes wvhich were prepared
wera loopa, Ffluffy, andimincyile, To permit molding, the loose non=
orientad mass was prefomemed into flat wafers. The wafers were pre=
~pared in a 9" x 9" box wluld at the preforming conc‘lttiqns of 170°F,,
undur 200 psl pressure fomy 20 o 30 seconds.

_Wiofers approximatel 18" thick were cbtained whan-the 3% deep

"Gbﬁ‘fity of the 9" % 8" by waceld .were filled to.capacity. with -tha:- 1mm~'~«~w-l

prcm i.c.

A 300% solids siliwmoe ramin, Dow Corning DC 7145, catalyzed
with 2% dlcumyl peroxid { fiercules Powder Company) was the basic resin

of the formilation uzed, e blender jacket was hested to a temperature

of 150°F, after the dicwpmyl pexoxide had been dispersed in the resin.
Silicone baséd premixesi@wge molded by direct charging into the mold
cavit Excepsive resiifl flow of this system prevented preforming in
the wet gtute, while lcnqt,‘gthyr resin cure times made B-staging impracti-
cable,

Garly attempts to mlbld a 50% glass flake~silicone resin premix
wvere unsuccessful. Appuazat=ly, an inhibition of curing of the
silicong resins was roespmopible for the test molding of laminates
having very poor strengtéms, It is belileved that a lag between the
time of mixing the preml xumd the time of molding was responsible
tor the observed lack ofp pgoper curing. Successful molding of the
rfillcone premixes was pafitfir-med immediately after its preparation
and with extreme care tulemm to exclude air from the mix.

Iv,3.4.1.1,1, Ccmpressimiontolding of Glass Flake
Premixes foS¢ Thickness Studies

In Table 29 curing hesxmeters are presentzd for each of the
ruasin binder gystems usel B, In most cases, manufacturers’ recowmended
Cncing procedures were  fol wlloswed,

L :ni"ﬂ!\ 5overe rrsolv..dbvmvm oldlng premiyes u*.mww-‘ Jy :uim :J.'
e v limiting eatalyst b ~radation by nminimizaing axposuras ol fho
vonednn Lo air.
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The gsilicone resin systeas were moldaed in the 7" x 7" coa-
srassion mold mountad in the Watson=Stillman press.  The resin bindor
systen (Dow Corning R=7145) exhibited a tendency to stick to the
chrome-plated polished wmeld surfaces, necessitating repeated moldings
to produce acceptable leminates, The wat non-oriented loose racin
glngy flake mass was charged directly into the hot mold and curcd
using the following conditiong: 450 pounds pressurc {(on the
4-1/4" Ram); mold temperature, 300°F.; time, 3 hours (2" or thicker
cured 4 hours). Relatively low meolding pressures were uged bacause
oxcesaive drain-off of the very fluid silicon@ resinsg was ancountered
at higher pregaurea.

Laminates ranging in thickness up to 2~3/4" have been prepared.
The 2-3/4" laminate is the thickest compression molded unit produced
to date and weighs approxXimately six pounds. This ig the same weight
range as the 1-3/4" - 2" thick epoxy and polyester glass flake
laminates, indicating that the bulk density is adversely affected
by the low molding pressures.

Compression molded £lat sheets utilizing Reainox RI 4009
(Monsanto Chemical Company) pulverized phenolic resin were fubricated
in thicknesses ranging up to 1-1/16" for the 50/50 systems and 3/4"
-for the 70/30 glass flake to resin blend. The laminates were pro-
duced by layering multiple thin (1/8") otiented preformed wafers.
e soeethe-proformed-watfor sbtacks ware dielautritally haatad'until“the'rssin ST
e e T e e - £ e i ey charged-intg ﬁhcﬁmnid - csﬂpressxnn“malae& dnthe T
PO 9" x 9" box mold.

|
|
i

The height of the stack of 18 preformed wafers required to
produce the l=1/6" laminate was 6-7 inches high. The stack would
not fit into the dielectric heater or the square open mold., Therefore,
the stack was split into equal parts., The first part was dielectrically
heated, charged into the mold and compression molded at less than
100 psi. The second stack was placed into the dieclectric heater
immediately upon removal of the first stack, The compression mold
wis openad and the second stack added to the open mold cavity.
Molding pressure was then applied. Time lapse between charging the
firat and second lot of wafers was less than 3 minutesa,

The compression molding parameters used to prepare the phenolic

lanminates were: dielectric heating time, maximum, 90 seconds for
the thicker preformed stacks, 45-60 seconds for thinner stacks; the
molding was preformed in a 9" x 9" cavity mold mounted in the Elmes
presa, 37 tons pressure (800 psi) on the 4" ram was ugsed. Temperature=
t*mO cycles were 1 hour at 250°r,, 1 hour at 300°F., and 1 hour at

00", The mold was cooled to below 150°F, before opening for part
v.oomoval, .-

tecnude of equipment limitations, thicker laminates (1.5" and
2.0") could be molded in the 50% or 70% glass flake phenolic klend
“bteos,  ftThe 9" x 9" compression mold cavity is 1.5" doap, the
Jmfht is 5-13/16" and the compression ram plug is 1-5/3" in length,
o ootave a 2" laminate in the 50/50 glass floke phonolle syntean
<ot heva racuired a stack of wafers approximotely L1" hieh {(hefore
ion),
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Additional ’lat laminates were plhquCd ueing the preformed dry
blend phenolic glass resin system. These flat lawinates were molded
in the 7" x 7¢ chromgnplated mold and were nged to determine the
shrinkage of the system. Phenolic laminates which were made 1n the
9" x 9" open form mold were not suitable because of mold construction
for useo in the bhrinkage study.

Iv.3.4. lLLAZ. Preparation of sSamples . for Mechanical Tegting

it was noted that preparation of specimens cut from thicker
alabs required the shaving of the samples to a maximum §/8" thickness.
A Brown.& Sharpe Universal Miller equipped with a spiral slab milling
cutter was normally used to machine a layer of egual thickness from
both sides of the thick slab as required by ASTM procedures.

Because of poor laminate qua*ity the thicker laminates molded in
the phenolic (dry blended) and silicone resin systems were not sub-
mitted for evaluation of physical properties. It was determined that
attempts at milling these sheets to reduce tha thickness to conform
with tast specimen size requirements regult in major visible defacts
in the specimen. In some cases, complate destructive delamination
resulted, for example, large portions of the laminate were pulled
f{rom the laminate face by the action of the cuttexr or deep cracks

”trom the . surfaca into,thn 1am1naee'were formed, T

AN b e o Sn it

o ae s R e ¥ s b

o
[

A e e Tt m L L e S e, e

: 1he phanalic 1am1nataa exhibited s tendency to- delamina:gg;g!ﬂ,,, L
. .. layexay -each -leyer interfzce gorresponding to the preformed wafer
~surfaces, The silicone laminatea exhibited a tendency to delaminate
in small sections of varied thickness leaving large craters in the
laminate surface, The delamination apparently occurs in arems of

disorientation and is the result of resin failure.

AN

Sample thickness reduction of thiak molded parts using a millinq
cutter produced microe chips and cracks in the laminates causing
deterioration of strength properties,

Reviewing data in Table 30 pertaining to the EL-=19 geries,
laminates 1l through 15, there is evidence of a correlation of
gample thickness (increases from .250 to 2.125) and tensile strength
{Qecreases from 9,340 psi to 5,200). This apparent relationship may
in fact be due to tiny cracks developed in the test specimen during
preparation, since there is no other correlation of strengths to
thicknesses apparent for either resin binder system,

iv.3.4.1.1.3, Physical Properties vs, Laminate Thickness

In Table 30 the effect of molded thickness on physical properties
iz summarized for the epoxy based system at 50% and 70% glass content
and the polyester resin based laminates at the 50% glass content,

Dinving preparation of the 70% glasas laminate samples for physical
tostinq, all but the 1/4 inch thickness moldings cracked or delaminated.
We were unable to obtain data on any of these samples,

In general, all mechanical properties of laminates pregsented in
Table 21 arce lower than those previously obtained for thin chests
(C.060-0.150 in thickness). The low strength values obtaincd sve
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attributable to non-uniform arientation of the glass flake in the
laminate, At the 70% glass content orientation of wet mixes is

not possible, whereas using dry blending techniques, flat preformed
oriented sheets can be produced., We beljeve the flake orientation
——— — - gontributed—to-higher—mechanical-properties. —— .- . R e —

The physical properties of the flat sheet laminates utilizing
silicone and phenolic resin binder systems are presented in Table 31
and shrinkage study data is pregented in Table 32. )

: Initial analysia of test data indicated that the phenolic
laminatas PH2-2, PH2-3, and PH3~1l exhibit highaer tenaile strength,

_ tensile modulus, flexural strength, and flexural modulus than
: laminates prepared with epoxy resina. 1The compressive strength of
these laminates are lower than those exhibited by the epoxy resin.

The high tensile and flexural resultsa were unexpected because
+he poor visual appearance and milling characterlatics of the
laminates do not indicate high strength propertieas. The surface
of the phenolic laminates are good and a high gloss, smooth surface

. is obtained giving the impression of a resin rich layer. The center
L ”_@M_ﬁ“__ﬁgf the Jaminates appear to be highly oriented and fully compressed,
e T The outer edges are of pooy cuslity, being opague, pearl opaleacent, ~

: and sometimes resin-dry and resin-rich in spots. Bxamination Of the

- . edges of tha laminates permits easy delineation of the individual |
inter-wafer boundary lines., In many cases, the edges were not fully
bonded, Even in the better laminates, the presence of an apparent
resin-rich layer between wafars was noticed,

ueriaig

The tensile strength of the laminate is not 28 dependent upon
inter=layer bond strength as are the other physical properties
evaluated, The potential flexural strength range is only indicated
by the reported values., The compreasive strength and shear strength
of the laminates are dependent upon inter-layer physics and, therefore,
are poor because of the poor inter-wafer properties exhibited by the
laminates., Match metal close tolerance molds and higher laminating
pressure might yield higher inter<wafer strengths.

iv,3,4,1,2, Dry Blended Premixes

As reported earlier, a method was developed by which glass flakes
could be coated by static charge inducement with a pulverized,
catalyzed, B~stage epoxy reain system. It was felt that the blending
method was quite satisfactory, but that developments in molding
techniques were necessary to produce flat cured sheets, it has often
been observed that apparently psor wvisual quality coincides with
poor strength properties and wide variations in strengths. Obstacles
to progress in obtaining high quality sheets from dry blends were Came
resolved.

The most important variable agssociated with the product!n of
acceptable quality dry blended cured laminates was the molding
pressure,
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Using a compression mold and high molding pressures (30 tons =
740 psi) resulted in the preparation of void-free clear lamlnates.
Resin systems ware developed which were amenable to this manufacturing
process, These systems had to be pulverized easily into fine powders:
free from reagglomerating into lumps during blending, have sufficiently
low flow times during curing to aid in glass flake wet-out, These

toughness criteria in the final laminate.

A study was started to determine the best set of molding conditions
as evidenced Ly laminate gquality and strength, The majority of the
laminates were prepared using 5-15 B-staged epoxy resis system, The
80l1Qd epoxy resins were investigated in order to utilize a mechanical -
nixture of a pulverized resin and a pulverized hardener. One of :
these systems, Jones Dabney Epi Rez 522, a solid epoxy with a 65=~70°C,
melting point, combined with pulverized metaphenylene diamine indicated
more promise toward increased tensile strength values than the E=15
resin system previously described,

In Table 33 the moldinyg variables are summarized for the
preparation of laminates EL~15=18 through EL~15-38, and EL=25~]
and EL~-26=1, 2, Table 34 presents tensile strength and glaas content
fnor these same laminates, A summary of the recommended molding

" parameters for dry blended epoxy premixes that evolved from the stddy L

s Preééﬁtéﬁ in- Table 35. e

e b e amaline i R el s e e s e e e e St e nl A S8 gy A o et g

Test plates were apparently vold«fres according to_their denaity

determinations, Differeénces in visual textures were probably caused

by misorientation of the glaas, These differences appeared as
slightly opague spota, lines and swirlas. Also, a few of the wvisual
lines and spots were caused by "clumping", that is, narrow regions

of resin-~glass non-homogeneity (Photograph 10), Their appearance

is similar to a "knit line" which is produced in injection molding

by two flowing streams meeting and not fusing -entirely at the contact
points,

The tensile values of the test strips cut from the molded sheets
were encouragingly high., The tenslle strips were visually examined
for flaws, especially the position of the largeat flaw in the strip.
In most cases, the poaition of the largest flaw determined the point
of rupture,

One tensile piece, EL-23-4, in which the smallest number of f£laws
was found, had the highest tensile value obtained to date (22,900 lbs,
per sq, inch)., The average tensile strength values of the temt strips
from EL-23-4 and 6 sheets were 19,100 and 16,000 lbs. per sg, inch,
respectively. The average flexural strength values of 23,800 and
28,400 lbs. per sq, inch were low for corresponding tensile strength
values, (Flexural strength values are expected to be twice the
tensile strength values.,) The standard deviations of the tensile
strength values varied from 1,200 to 2,700 lbs. per sq. inch. No
standard deviations were calculated for the flexural strength values
as less than five samples were used for testing. The tensile moduli,
or moduli of elasticity values in tension, varied from 5.3 to
7.1 x 106 1bs, per sq., inch, _The flexural strength moduli values
were between 2,9 and 4,0 x 106 1bs, per sg. inch,

. characteristics had to be tempered_and compatible with_strength_and ... _.._._._
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- ' _TABLE 34

GLASS CONTENT, LAMINATLE THICKNESS AND TENSILE
PROPERTIES OF COMPRESSION MOIDED DRY BLENDS-EPOXY BINDER

%y % Thicknoss
Gy Ge | T | ATy | 6 |inches _ . _____._
- EL-15-18 | 70 | 70 | 15.3 | 1.60] 6| 5.72| 1.5 | 0.100
20 50 | 49.8| 14.1 | 2.1 | 5| 3.67| 1.0 | 0.120
21 50 | 49,6| 14,0 | 3.2 | 51 3,42| 0,6 | 0.050
22 60 | 59.2| 10.8 | 2.3 | 6 3.50] - | 0.080
23 60 | 59.7) 10,1 | 2.5 | 5 |l 4.92| - | 0,050
27 70 | 70.9| 15,0 | 3.5 | 5 |l 4,78 | 0,48 | 0.040
28 | 70 {70 {137 | 3.0 6| 5.54| 1.9 | 0040
29 70 | 70 | 12,9 | 3.8 65,20} - | 0.040
30 70 | 70.3| 12,9 | 3,0 | & || 3.50] 6.57] 0.050
k| 70 | 70.5] 14,1 1.5 6 || 4.90 | 0.51 | 02.040
S 32a| 70 | 70.4]| 12,0 | - 3| 4.2 - |o0.140
o oesm e 32B | 700 | 70,6 10,5 1 =] 3 fleeal - 0,140 s
S 34 80 | 80,4132 | - afl9.63] - 0,09
3 371 70 | 69.8|16,2 | 3.9 | 7 |l 5.48 | 0.49
58 | 70 [70.1{15.0 | 1.9 | 7| 5.52| 0.77
21,25 1 70 - 12,4 | - 4 | 6.39| -
FL-26-1 70 | - |17.0 | 2.2 (11 . .
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Supplement to Table 34

95% Confidence Limits

95% CL . 95% CL
Tensile St¥, x 10 Tensile Mod. x 108

EL 15-18 17.0 ¢= 13.6 7.34 = 4. 10
EL 15-20 ’ : 16,7 =3 11,5 . 4,91 ¢=) 2,43
EL 15-21 , 18,0 €= 10,0 4,16 ¢ 2.68
EL 15-22 13,2 =3 8.4 .

EL 15.23 ' 13,2 ¢= 7.0 ’ -

e BLS2T T T 10,3610 BB e 1B o o]
EL 1528 . 16,9 & 10,5 7.54 ¢4 3.54 L
EL 15~29 16,9 ¢~ 8.9 .

EL 1530 ' 16,0 ¢~ 9.8 4,10 ¢32.90
EL 1531 15,7 =) 12,5 5,44 =) 4, 36
EL 15-37 ' 19,8 ¢=9 12,6 5.93 ¢=) 5,03
EL 15-38 ' 16,7 €= 13,3 - 6,23 ¢ 4,81
EL 26-1 18.5 ¢=p 15, 5 -




Key to Table 34

1. % G:L
Weight per cent of glass flake formulated in dry blend.
—_— e 2+—%-@ T — : - - -— -

. Weight percentage of glass flake in final laminate - 4
o detarmined by analyais, o : }
Average tensile strengeh, thousand pei.
4. @ = Standard deviation of tansile strength values, thousand pai .

5. % = no, of tenasile samples used in calculation of
standard deviation,

6, T = Avorago tensile modulus, million pei, _

B -k._L_,a:_!_StandujL deviation of_tanane modulun, mnmn pai., .

[ e e by o e amt B et




Table 35

SUMMARY OF RECOMMENDED MOLDING PARAMETERS FOR EL-15 SERIES

Preforming | ' . Molding Cvcle
2 Py Pp er . ) Cg | Mp Mg Mp
160-170. 15-30 " | 200-250 | 240~370 | 0-2 |240-370| 2 a0
=S ””:*’**:Eﬁié;_;g;;w ;;fynuh‘A_A;:;;;ff;i;_u;;:;;:;;mﬁ&,. ‘MMMMMM%&;;%
= =Py « Preforming temperacure; Fi T
Pg = Preforming time, seconds :
Pp = Preforming pressure, psi
'co = Time in which preformed d:y“hlend is allowed to come to
molding temperature at contact pressure, subsequently
‘referred to as contact time, minutes. i
Cqp » Contact temperature
My = Molding tehperatura, °r.
Mg = Molding tlmb, hre,
M_ = Molding pressure on 4 1/2 inch ram, tons
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Key to Tz2bles 35 and 36

Preforming Parameters

PT = temperature used .n: ~veforming in 9 x 9 compresaion
mold; Py —— - : R i

P = time that dr 1 .ud 4B < rmed to reduce its bulk,
seconds. ' 5

Pp = preform y . oare, P8l
“(presav : ~u 4" ram) -
a & orate L w'essur:

Nb. of P =FfLrmse
Re .ars Lglthe nuwmbenr pf o v Lt ware stacked
ogechar L the mold wafcs Lodd . ms, :

K r

Mol .iny Paxame! i §

R {

cohtagt v g vatur)‘ O®. {temparatuie of mo. a4 when -
preform (- é tngarted)

C_. = contact #Fime wmirmbag

{tine Ln woich thp "rfﬂnxm fa A8 ailuwﬁd:t“ ao, v
to the molling L. mp:rutur@ undmr guutact pzagsu:\

o - p . N
My mu’m:.:; tumpfuaturn,' E‘. Al e U :

M;.r ﬂoldinq time, mxniteﬂ

Mp = o “iing prcs‘ura, rane nn 4 inah raw
Additichay- LR

All ﬁre;uxma were 9 % LY inchen._ .

All cc\yl-eafﬁn muldad ahaets wcro ax9 1nuha:.
% Glasa

Refars to “he weigrt parcentage af glaan flake

formulated 1 txe dxy blend.

Sheet Appearance o

A. Excellent sheet quxlivy, translucent, nG voids, no -
dry spotas, minimum ri-w potterns at sdges of sheat,

B, Good sheet quality, triusiocent, no" voids, no dry apots,
some flow patterns at ed§w9.af sherta, gome color
varlation throughout sheet
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100.

C., Fair sheet quality - translucent - clcudy in center,
opaque and dry spots at edges, lncomplete resin flow.

D. Poor sheet quality - cloudy areas, dry spotting, poor

rw—f-— —_———— e _yaegin—&tlow,—blister- formation. - — _

E. Extreme blistering, delamination, no resin flow or
translucent areas. ; :

Rasin Formulation . i
a. Resins _ . Wt/Bpoxide

JD 510 < Jones Dabney Epi-Rez 510 185-200
JD 509 ~ fones Dabney Epi-Raz 509 185-200
~ JD 360 ~ Jones Dabney Epi-Rez 560 3,500-5,500
- Mixture 60% 560 L
, T 40% 810 448
JD 522 - Jories Dabney ) 550-650

Contains Own catalyst

" ERRE 0100 - Union Carbide Plastic
Bpoxidized Novolak

1~4180 -~ American Cyanamid Alkyd Resin
, Liaminac 4180 self catalyzing

CY405 - American Cyanamid Melamine Regin
Cymel 405 self catalyzing

b. Hardeners
MPD - metaphenylene diamine
DADS -~ diamino diphenyl sulfone

Resin Preparation and Mixing

1. Resin blended with catalyst allowed to "B'stage"
at room temperature for 24 hours, micropulverized
and classified into -100 mesh fraction.

2. Resins heated and blended, allowed to solidify at
room temperature, resin then pulverized into -100
mesh fraction and mechanically mixed with pulverized
catalyst.

RSGSSﬂ—Re&chokd -Chemical Co, Plyophen e e e
s DU VR AR A PNENO 8- ROB AT o e




3. Solid resin pulverized to -100 mesh then blended
with pulverized catalyst.

4. Resin is purchased pulverized and catalyzed. One
package powder added to glass flake,

Dry Blending Procadure:
Glass flake is charged into Patterson-Kelly blender
and rotated for 1/2 hour.
Resin systom 10 then added and tuﬁblod for 2 hourn.

Glass Size:.
U - Unclasaified
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IVe3,4,1.3. Other Resgin Systems

The encouraging results obtained with the compression moiding
of epoxy systems led us to a preliminary screening of phenolic,
Novalak=epoxy, alkyd and melamine resin systems. Data obtained in
this study are presented in Tables 36 and 37,

A-Reichold-Chemical—Company--catalyzed-phenolic~aldehvde-resin;—— ——-
Plyephen 5655, waa dry blended with 16 to 50 mesh to yield a mixture
containing 50% glass flake. The mixture was preased in a 9" x 9"
sheet mold at 160°F. for 10 minutes at about 200 lbks. per sq. inch.
No flow or fusion occurred, Then it was pressed at about 300 lba. -
par 8q. inch for 3 minutes at a platen temperature of 370°F. fThe
mold was opened to relaase the gas and steam. Then the curing was
complated at about 700 'lbs. per sq. inch presaure for 10 minutes

at 370°F. The sheet upon remcval from the hot mold raised blisters.
There were many voids in the center, The sheet was toc poor to tesat,
(Pressures of 2,000 pei are usually used in molding of phenclics.)
Twa cther compreaeion moldings made with pre!ormed material showed
no promise and were not tested, - :

A Novalak~-spoxy reain, Union Carbide 8 ERRB 0100, catalyzed
with diamine diphenyl sulfone appears unauitable for uae, Compression
molding of a 70% glass content gnve zise to bllatering from volatile
.Mmh,releaaeAduring cutingl_.h ,

et B L i ..__;‘"_ . . s

. A catalyzed alkyd resin laminlta,)namznac 4180, was ground to
--paas thyough & 100 mesh BOFABA; - -SAO0Gh the resin had % aharp
melting point of 195°F,, it did not flow profusely in the mold over
a range of curing temperaturea, The sheet did not cure evenly and
some sections were tacky at room temparsture, There wers many voids,
The sheet was tou poor to test,

i
A catalyzed melamine resin, Amarican Cyanamid’s Cymel 405, was
dry blended with unclassified glass flake, The 70% glass flake
mixture was compression molded at 350°F, for 10 minutes at a preseure
of 700 1bs, per sdq. inch, Very poor bonding of the glaas f£lake
occurraed and the shaet had many voids and gas bliaters. The sheet
was not tested,

Iv,3.4.,1,4, Conclusions

During the mixing and processing method studies, epoxy resins

were chosen for binders predominantly, It was known that the use

of epoxy resins had resulted in best strength properties of glass
flake laminates, It was deemed expedient to concentrate on the
epoXy systems in order to realize the best mixing method for
development of high strength laminates and to provide a basis for
measurement of potential process improvement. Since handling
properties of the polyester, silicone and phenolic resin/glass
materials are similar, it was planned to develop all handling and
molding techniques using epoxy resin binders and then use these
same techniques for the other resin systems,
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Laminate formulation using,phénolic resin binders have been
hindered because of apparent high exothermic curing and volatile
formation during curing as a result of methylolation.

The sllicone and polyester laminates prepared were of poor
" T quality-and—had-low-strength—properties;—in—part—the-result-of— -
difficult curing technique, and in part by inability to utilize
preforming and flake orientation premold processing. Milling of
. laminates to prepara physical test specimens is highly detrimental
to the test specimen.

IV, 3 4,1,5, Exparimental mo;ding of Complex Ohagea

A variety of complex,shapea,were compression molded experxri-
mantally using epoxy resin bhindera, A description of the shapes,
cycles and compositions used are given in Table 38. The molded
shapes ara,shown ih Photographs 11, '12, 13 and 14. S T

In the ccmprassion molding 0f most of the complex shapes, the
orientation of the glass flake is not readily precontrolled since
there is usually turbulent flow of material within the mold cavity..

" As a result, for all shapes fabricated in this aeetion. no affort
was mada to preorlent tha premix. e .

) Premixes coﬂtaining 50% and 60% qlass fabricated at fha free ;
floating ram pressire ware molded into shapBg Waving oomplax curves.,
The cavity £ill was excallent, but there were suome void spots, ’
probably due to trapped gas, The plece molded with 70% glass £lake
was rather porous and did net have the translucency that the 50%
and 60% pieces had., This would indicate that a higher molding
pregsure is required to produce visual appearance equal to the 50%
and 60% glasa laminates,.

i

CQmplex shaped circular disks (Photograph 1ll) were produced
uging B-staged calendered sheets, The molding was accomplished
with no difficulty and the flake orientation was not disturbed
during the process, Highly transparent quality items were produced,.

A planar atep pilece with sharp edges at various thicknesses
and parallal edges was molded f£rom a 50% glass flake, Several pieces
that were molded were mutilated in removing fraw the mold. The
edges seemed well formed, but no conclusions could be drawn as
the molding surface had not been prepared to provide release of
the. part without damage,

A small bevel gear was moldad from a 50% glass flake mixture
using a prototype epoxy mold as shown in Photograph 13, The molding
pressure was limited at 200 psi, Above 200 psi, the premix would
have been extruded from the top and bottom of the mold cavity, The
fill~in of the glages premix at the teeth was good., The orientation
of the glass flake was random as expected.
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SUPPLEMENT TO TABLE 38

PROCEDURE FOR COMPLEX SHAPES
| Premix: | |
Composition of Resin Binder:
. Jonea Dabney 509 (Epoxy) © 100 parts

Mae thyl Nadic Anhydride . 95 parte
DMP-10 . 2 parts

Abbe Mixer Used

o "5 'min, mix time : N
T Room temperaturemix,- —— - -

Material Stacked in Mold

Na degassing
Mo orientation

Glans Size:

‘1, 48 mesh & micron glass flake
2, Unclasasified 2 micron glass flake
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Compression Molded Planar Step Plece




Compression Molded Bevel Gear and
Epoxy Meld
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Photograph 14

e —— e S . _;.._.;:.".i

-

Epoxy=Glass Flake (left)
d

an
Phenol G,P. (right)
Compression Molded Plug
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One of the objectives of the compression molding atudy has been
to evaluate the use of molds designed for plastics of the filled
phenolic, urea or melamine type., A 100 ton production press equipped
with 2 multicavity die for molding preformed general purpose phenolic
molding powders, located at Futuramic Molded Products, Hartford,
Connecticut, haa been used in this study. Molding pressures of
100 tons are not_uncommon_for molding.of phenolic-and-melamine ——--—- — -
" compounds but pressures of this order had not been tried with glass
flake premixes. Seventy per cent glass premix was chosen, since

- that glass content appeared to be difficult to mold into shapes
~having complex contours in attempts at lower pressures,

A 25% excess of premix was stacked into the mold cavity which
.had been coated with a f£luorocarbon mold release compound. When
melding pressure was applied, some of the excess glass-resin mixture
was squeezed out, In about 30 seconds, free resin ocozed out of the
f£lash clearance section between the top and bottom cavity sections,

‘After curing for 30 minutes, the plece was ejected with difficulty

caused by liquid resin seeping down the retracting and ejecting pina
which had cured and "froze!" the pins. It took several retraction

"and ejection cycles to locsen the pins enough.to eject the piece,

Since ‘this was a press currently used for productxon, no furthex
moldlng tegts were requeeted.

: ““‘ihe,maldea*ﬁieoe was dense and conformed o the shapa of the . . ... —-

T tAVIty.TTINere Wiy o vidible orieﬁ?hflon of the glass flake. There

were some apparent dry spots as a result of resin sgqueeze-ocut, Fron
this test, it appears possible to mold piecaes with a high glass content,

Photograph 14 shows the molded glastic plug and a plug molded
from a filled phenolic.

1V, 3.4.1.5.1, Conclusions

General conclusions were derived from the experimental com~
pressicn molding of glass flake (Abbe mix) premixes, Orientation
of glags flakes within compression molded laminates is difficult to
control to assure orientation which follows the molding contours.
The orientation is more controllable when B-staged preforms are used,
A polished surface is required for proper release of the molded part
from the mold. Glass contents of 70% and above can be compression
molded at high molding pressures., Molds used for production of other
plastics, especially reinforced plastics, may be used to mold glass
flake composites, Compression molded items can be prepared in an
unlimited number and variety of shapes and forms, The flow properties
of glass flakes are amenable to compression molding., The premix
flows readily and £1ills all parts of the mold,

IVe3.4.2. Transfer Molding

Transfer molding is a variation of compression molding, The
major difference being that the premix is not placed directly into
the mold cavity but into a separate pot {which can be heated) outside
the mold. 'The premix is then forced by a ram or plunger through
channels from the external chamber to the closed mold cavity. The
premix is cured in the closed mold cavity.
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The success encountered with pilot plant compression molding of
comples shapes caused us to omit attempts to develop transfer molding
technique at the laboratory level., Arrangements were made to utilize
production equipment to attempt to reduce this technique to practice
wlthout the intermediate expenditure., Two complex shapes were
fabricated very successfully in Phase IIT of this contract, and are
__ descriked_later. in-this -reports - ’

iv,3,4.3, Extrusion

Attempts to develop an extrusion process for glage flake are
covered in Phase II, Section 3 of this report.

In summary, it was determined that extrusion processing was not
suitable for glass flake premixes, uaing the commércial resin systems
being evaluated under this contract. Complete redesign of an extruder
would be required, together with the development of a apecialized
resin system, before additional efforts could be made,

Iv.3.4l4. Calendering

: Calendering was developed into a valuable processing technique
and is fully explained in Phase II, Section 3 of this report. The
continuous molding of laminates using a. calendering-conveyor sygtem

- would be Timited only by process .time censiderations.. The cure. £imes - - -

'I&qulféﬁ'before gelacione and the complete cure of a reinforced
- plastic binder gystem would necessitate use of ovens, multipls haat
rolls and dielectric heaters. Recognizing thias factor to be the only
limitation in expanding the calender process we developad to an
ultimate end item capability, it was deemed unnecessary to axpend
the financial and manpower effort on thie contract to prove our
contention,
iv,3.4,5, Centrifugal Custing

Three variations of a centrifugal casting procees were investi-
gated under this contract. Shapes were fabricated by rotational
molding, horizontal and vertical cylinder casting.

All three methods rely on centrifugal force, generated by the
rotational motion of a mold to orient flake, and compress the bulk
to £1ill all cavities with resin premix. In using these processes
particular attention must be given to the quantity and viscosity of
the resin systems selected, In premixes having low resin viscosities,
or small quantities of glass flakes, there is a tendency for the
reinforcing material, which has a higher density, to be cast to the
outside surface of the molded item, Thus, in these processes,
resin-rich areas appear on inside surfaces, resin starved areas on
outer surfaces.
‘1.501l

IV.3, Rotational Molding

Limited studies of rotational molding of glass flake resin
blends were made utilizing a laboratory "Roto-Molder” producaed by
the Mercury Molding Company, Yonkers, New York,
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Rotational molding units are used industrially for the molding
of hollow items as dolls, balls and other novelties using vinyl
plastisol compounds. A unit consists of a platform which rotates
simultaneocusly in two directions and is enclosed in a gas-fired oven
and fuse the molding compound while the mold(s) is rotating. 1In each
plane of rotation, the molds rotate in a regular and circular

_—— ——— - -—--—directioni—A batch process iz used whaerein the mold or molds used
are filled outside of the heated rotational chamber, placed within
the chamber and rotated until the plastisol is fused., Low speeds
are usded in these machines to provide an evenly distributad film
of plastisol, . . ,

A test run waas performed using a hand-kneaded premix of an
epoxy resin and glasa flake, After observation that the maximum
rotational speed of the unit was only 16 rpm, a 10% glaas, 90% -
resin premix was prepared in order to obtain some reaesin-glasa flcw.

A 100 gram mixture was charged into 2 3" diameter sphere mold and
rotated for one hour at 350°F. (16 rpm about the one axim, 4 rpm
about the other axis). After this one hour cycls, the ball mold

was removed from the oven, opened and inspected, It waa cbvious

from the variation in wall thickness of tha sphere that very limited
rasin~glass flow had taken place even with the very low glass content

_ premix. Wwall thickness within the sphere varied from 0,005 to -

O 250 inch.

the casting of flake glass pipe, Extengive redesign to mchisve the
requirad higher rotational speed would ba necessary to cast high
glaas content material, changing the use for which the machine was
designed, Rather, it has bsen apparsnt that the design and fabrica-
tion of a centrifugal casting unit imparting high rotattonal speada
to cast cylindrical shapes would be required.. ' i

IVe3,4,5,2, Vertical Centrifugal Castings

Using premixes prepared in the Abbe mixer several centrifugally
cast cylindrical sections ware produced, The vertical cantrifuge
is a 6" diameter, 11" deep unit with a 2-gpead motor (Photograph 15).
Cylinders were always prepared at the 4800 rpm higher speed to axert
maximum G force on the f£lakes,

7
i

The first of two experiments utilized a premix consisting of
50% glass classified into the =8+16 maesh fraction and 50% Laminac
polyester 4128 catalyzed with 1% benzoyl peroxide and 2% Laminac
promnter 400 (room temperature cure system)., The premix was
deposited into the rotating bowl and then cast for a period of
one hour until the resin had cured,

The unit exhibited drain-ocut from the inside diameter to the
cutside diameter of the cylinder. Additionally, resin had f£lowed
entirely away from the premix and up the wall of the centrifuge,
The cylinder cast with the §0% glass content premix exhibited
segregation to the outside diameter of the cylinder wall due to
centrifugal action upon the resin, No resin flow away from the
premix up the centrifuge wall was observed at this glass content.

““Rotational molding ‘machines ag huilt “do not appear suitable for
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Photograph 15

Centrifugal Casting Unit
{3ix inch diameter bowl)
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Both cylinders were cast vertically and, therefore, as a result,
had thicker wall sections at the bottom than at the top of the
cylinder, Inside diameters were very irregulc. as the centrifugal
force was not sufficient enough to distribute the promix evenly.
Randonness of orientation of glass flake and void entrapment was
very common as-a Cross section of the pipe revealed, The cylinder
cast with 60% glass is depicted in Photograph 16. The large crack
--——— ----———————-—8hown—4n-the-wall developed -‘when—the cylinder was releéased from
the centrifuge.

_——

Since no heat source could be used to provide unpiform curing
temperatures within the centrifuge chamber, a room temperature curing
epoxy resin was used for casting flake glass cylinders.. The resin
system used consisted of 100 parts Jones Dabney Epi-Rez 509 or 510
and 12 parts triethylene tetramine,

one>cy11nder, appearing in Photograph 17 wasa cast with 50%
glass premix., The premix was deposited in the bowl of the rotating
centrifuge where it redistributed itself upon tha rotating wall,

An expandable mandrel was used to compress the walls further and to
produce a uniform thickness wall. ,

Puring the casting operation, resin segregation to the outside
diameter of the cylinder was noted, After one hour at room temperature
e the cylinder was reluased from the centrifuge,-.(To ald in the release -
ey R _. .af this cylinder and -aucceeding . ones, a-destructible semiarigid-poaly=
, urethane foam approximately 3/4" thick was placed in the centrifugal
S . bowl, Aftar the enring and casting time, this linsr was dastroysd

: and the cylinder removed.) There is obviocus random orientation of
the glass flake as evidenced by the "marbled" appearance of the
ovlinder, fThe appearance and strength of this cylinder is apparently
much improved over the polyester glass flake cylinders, _

Ag a means of casting a cylinder that contained oriented glass
flake, a prae-oriented sheet of 50% glass was prepared and wound into
the centrifuge., This first attempt was unsuccessful due to the poor
gelf-cohasion of the premixes and in attempting to wind the pre-
oriented sheet into the centrifuge, the glass resin mix crumbled,

To sliminate the problem of sheet destruction, a preoriented
shaet was prepared and chilled with dry ice, In this manner, the
viscosity of the resin binder system was reduced to the point where
it could be sgelf-supporting., This cold sheet was then wound into
the centrifuge, and cast for a period of one hour. During the
{ ) winding of the preoriented sheet within the centrifuge, some
! fracturing of the sheet was noticed, As a result, the finished
! - eylinder had some discontinuity lines running parallel to the axis

of the pipe where the sheet had separated, These lines are visible
‘ in rPhotograph 18, Photograph 19 depicts both the oriented cylinder
and the cylinder with concentric flake orientation, Table 30 prescnts
a summary of casting data for the two cylinders,

It should be noted that while the oriented cylinder was cast
without the use af an expandable mandrel, the resultant wall thickness
of the cylinder was not tapered as was the previous expericnce
without the mandrel,
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Photograph 16

| Centrifugally Cast Polyester
| Glass Flake 6" Diameter Cylinder




Phatoagragn 17
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Earoobugally Cast Glaas
inke Sooxy Cylindes




Photograph 18
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Centrifugally Cast Preoriented
Glass Flake Cylinder




Photograph 19

Random and Preoriented
Glass Flake Cylinder
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- machine utilizing a hydraulic ram feeder to extrude and orient a

- yartical centrifuge used earlier in the program. Continued efforts

IV,.3.4,5.3. Conclusion

The process of centrifugal casting of pipes showed promise.
The epoxy cylinders prepared from epoxy resin premixes had supexrior
physical appearance than the polyester cylinders., The use of
higher rotational speeds and higher G forces was beliesved to be an
ald in orientation of the glasa flakes in the finished cylinder.

______”___Theee_paramete:s¢ware—¢nvestigated—further~using—a"hcrrzontal“"—“—“‘_'"‘_‘

i
centrifuge., _ 7 l

:!,3,4,6, gorizontal casting -
Trial runs were made with the horizental centrifugal casting

ribbon of glaga f£lake premix into the rotating casting chamber.

The trial runs demonstrated the need for a mechanical leveling
device (mandrel) to assure uniform inside diameter of cast cylindersa.
The maximum apeed of the unit (4000 rpm} does not sliminate thias
defact, The problem was observad previously with the low apeed

to produce centrifugal cast cylinders were made using simple mandrela
to ovarcome the non-uniformity of inside diameters, inserts to '
produce changes in inside and outaidé diameter and a slotted feed
inner chambet to’ control feed into the .centrifuge chambaer,

Tﬁﬁ—“‘!upﬁﬂﬁiﬂisnwgfﬁ ﬂeﬂB£m1£¥;£hatseé;intgm:h&~eent:1£ugu.wiﬁ;m@m-i:

oo yplis-of the-cantrifuge; ~ (The ¥R fesd chamber wes-too small and
" only about a sixth of the mold surface could ba coverad with a

" centrifuged for one minute at low speeds (1000 rpm) to fuxther
" orient and compress the mass. The centrifuge was stopped and an

Kn attempt was made to uniformly deposit a 1,5-2 inch layexr on the o

full charge, )

The wet, looaely oriented-(hand) compressed mix was then

inner mandrel inserted, The inner mandrel used was an aluminum
sheet 11-3/4" x 48" x 12 mils. The aluminum sheet was tightly
reolled into a coil., The action of the centrifuge caused the coil
to expand and exert fairly uniform pressure upon the glass flake
mass. The centrifuge was run to top speeds (4000 rpm) for 15-20
minutes. The speed was then reduced to 1000 rpm and maintained -
until the resin B-ataged (generally 20-35 minutes), The B-gtaged
pipe was removed from the mold and fully cured in an oven,

A welghed amount of the 50/50 dry blended phenolic glase flake
material was hand charged into the centrifuge, The centrifuge wae
started and xylene (solvent) was sprayed using an insecticide gun,
The centrifuge was operated for one hour, after all the solvent was
added, before it was stopped and glass wet-out observed. At 10%,
20%, and 50% solvent addition, based on total dry blend charged,
the maas was only wet at the surface and was, therefore, essentially
a loose dry blend. The mass wag not self-supportiny or tacky to
the touch, Attempts to meter the glass resin and solvent spray
by alternate addition of parts of the total charges were slightly
more successful in producing a wet mass,
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The wet Abbe premixed glass flake sygtem was charged and wacked
into the slotted inner centrifuge chamber. The cantrifuge was
operated at the maxivwum speed until all the resin wet flakes had
pagssed through the slots in the inner centrifuge core wall, sketch 4,
Residual wet glass flake resting between the rows of slots was then
loosened from the inner wall by scraping with a spatula. The inner
chamber was recharged and the cycle repcated until all the premixed

“Yesin required was added.

The centrifuge was then rotated at the 4000 rpm rate until the
resin system had cured to a self-supporting state. The B-staged resin
pipe was then removed from the mold and fully cured in an oven,

IV,3.4.6.1, Deseription of Centrifugal Cast Cylindars pProduced.

All the sguccessfully prepared cylinders which have been produced
were made with wet premixed systems. The attempts to produce cylinders
using dxy bhlended resin systems while not succesaful, did indicate
that further development of thia teschnique might yield a unique process.
Table 40 lists all the cast sactions which were prepared. The
cylinders are ll-3/4" long and have an 8" 0,D, and 6-1/2" I,D. and
weigh as much as 9 pounds.

Cylinder #1 = The orientation of the flake in the pipe is good

-although scme-areas of -flake-digorientation are noticeabls (Photos - ‘“~4t~~:
- GERPR 20} Rttenpts-to- cut-one=inth ¢ ings- from the end-of the cylindar—

. _A..,j

with a lathe cutter were unsuccessful; the l" ring failed in areas of

- disorientation, -The coiled aluminum sheet Used as an inner moliding
mandrel surface was first tried in preparation of this unit, Previous
moldinge preparaed without the aluminum mandrel resulted . in poorly
compressed weak castings, The inner surface of the cylinder has a
pure polyester coating which cracked badly during thea cure of the
cylinder., Differential shrinkage rates of the glass flake layer and
pure resin layer increased the size of the cracks to major proportions,

Cylinder #2 - The orientation of this unit 1is superior to
"cylinder #1 (Photograph 20). The areas of disoriented flake are not
as noticeabla, There is no excess resin layer present in this unit
but the inner surface does not have a smooth finish like the outer
surface (Photograph 22), One=inch rings were cut from this casting
using the lathe cutter, Compressive atrength and compressiva hoop

strength were determined.

Cylinder #3 - The complex shape shown in Photograph 21 was
produced by building a plaster of paris tapered ring in the center
of the centrifuge chamber. The cast cylinder was removed from the
centrifuge chamber with the plaster of Paris ring in place, The
ring waa broken to remove it from the cylinder,

Cylinder #4 - The plaster insert used to produce cylinder #3
was ungatisfactory and a metal tapered ring with flat land was
machined, The ring was placed in the back of the mold before the
charge was added to the centrifuge chamber. A one-inch atrip of
aluminum (12 mils thick) was inserted into the premix by hand,
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Centrifugal Cast Cylinder
Cylinder #2
Epoxy System
Inside View
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The strip wag spirally toiled &round the pipe circuaventing the unit
completely and touching both the inner ond outer surlaces, The outer
adge of the aluminum coil can »2 scen in Photograph 22. The inner
surface of the cylinder had arcas in which a pure resin layer was
present ond other areas which scemed to be resin-stavrved.

Cylinder {45 - A complex shape unit was produced by using the
tapered ring to preoduce variation in outside dimensions and a
—— —-removable —inner—ring—to-produce—deviation in “inside diméneions, T T

The metal tapered ring wrs ingerted and the charge added to the
centrifvge. The coiled removable inner ring was then positioned.
The aluminum inner mandral wasg then inderted, The aluminum mandrel
“under centrifugal pressure forced the inner ring into the cylinder,
Removal of the inner mandrel and inner ring from the cured casting -
resulted in an inner surface with an undercut with sharp sides ¢ir-
cumventing the ¢asting (Photographs 23, 24). . T

. Cylinder #b ~ Cylinder #6 was produced using the technique
catablished in preparing cylinder #5, except for the form of the
inner mold surface. To producid a deep, small cross-section undercut .
apiral groove in the inside surface, a simple -rubber tube was spirally
wound around the aluminum innér mandral before 1t was inserted into o o
the centrifuge chamber. : L L N

Cylinder #7 ~ The slotted double wall centrifuge (Photograph 25)

SRR A -~waasibﬁuhameanart_pmm&uxﬁ~m4~

T T LonLaincd a resin—rich tu pure—xes;n inner surfoce, 1he part iteelf . . .
e oo S o pntained Tkl Tl iRe R FORRingG Ehe lanqﬁhmaf»thn—c“iindc: © The knit L
: : : lines corresponded to the rows af slatted cpenings in the inner core. ’
The part was oriented between the knit lines but not in the knit line
interfacde, The cylinder gplit along two of the knit lines (Photo-
graphg 26 and 27). fThe split iz believed to have been caused by the
~ constrictive pressure exerted on the cylinder by the relatively large
- amount of shrinkage of the inner layer of pure resin with respect to
the resin-flake mixture, Examination of the unit showed the presence
of deformation of the part's shape due to the reesin shrinkage.

We helieved that the knit lines could be eliminated by causing
the inner core to rotate at a slightly lower rpm rate than the
outer (mold) shell, The difference in rpm rates should cause the
flake to be evenly distributed and deposited on the mold surface,
jmprovement in slot design would also be expected to eliminate
orientation problems found at knit lines,

Cylinder #8 = The 70/30 flake epoxy system did not flow easily.
» large portion (54%) of the batch was not used because the feed
rate was too low, The material began to exotherm and had to he
removed from the inner core before it "set up", The cast cylinder
itself was loosely oriented and uncompressed and had an uneven inner
surface with depressions running along the knit line area (Photo-
graph 28).




Cast Cylinders
Ingide View

Cylinder #5

Cylinder #6
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Photograph 24
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Cast Cylinders
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Photograph 25
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Photograph 26

Cast Cylinder #7
Outside View
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Photograph 27

Cast Cylinder #7 - Split
Inside View
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Photograph 28

Cast Cylinder #8




--diffioulty. - When—2all-the glass flakes ware deposited), the inner .
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Cylinder a4 S obluocooa lnney chemeber was used to prepare
this unit (60/40 glary to ewoxy systen), The rpm ratio of the inner
core was lower than the nosa chamber rpi: rate, The rpm differential

reduced the severity of the knit lines present in the inner gurface

of the molded unit, The positioning of the knit lines was not

uniform as noticed in previously prepared units cast using the slotted
centrifuge,
on’ the mold surface, the back end of the casting was appreciably
thicker than the forward-feed section. The outer surface was
relatively smooth with no visible knit lines or major areas of dis-
criented flakes, The mass is relatlvely dry and does not have the
onter resin coated appearance other gpecimens prepared with similar
resin systems and ratios have.

The reduction ir inner core rpm rates was achieved by the crude
mechanlsm of applying a drag on the freely rotating inner core. The
dvag wae produced by applying pregsure on the inner .core by pressing
an aluminum rod on the inner surface of the core, Sketch 5 shows
the positioning of the drag rod in the assembly, . - . . - ..

Cyiindexr {10 - The 60/40 resin system used was identical with
cast cylinder #9, The slotted inner core was packed with the wet,
looge, bulky glasgs flake and the centrifuge turned on. 7The glass
flake passed from the inner. core to the mold surface with some -

An uneven thickness of glass _flake resin wag deposited — -

COLEE - WEH R TRAMEVEH—Rnd-—+the-tnror-expandnh s T HET Wanarel -naerted
in the mold The charge usead was small.-and uneven deposition in

werargreatly reduced and smooth areas were found in the inner area,
the plpe was still poor in guality. ) .

. The results obtained from the above molding jindicate a high
potential for the aystem which is expected to perwmit centrifugal
casting of complex shapes. The many drawbacks encountered are-
mechanical and may be corrected by modification in design of the
slotted chamber and installation of proper mechanismeg for control
of rpm rates of the lnner core.

Cylinder #ll1 - was prepared with oriented roller calendered
sheet material, The wet 50/50 glass epoxy bhlend was calendered and
a saple cut to predetermined dimensions from the wet sheet, The
parting paper was then removed from the first and last 2 inches of
the wot sheot material, The £lexible wet casting was wrapped around
the oxpandable aluminum mandrel and inserted inm the mold., The
centrifuge was rotated until the resin B-staged to a solid mass,

The molding was removed from the mold the next morning and was put

~.Therafore, although the Xnit lines"

aside for 24 hours,
was placed in an oven heated to 120

After 10 minutes at this tempﬂrature,
Apparcently,
the resin,

Before Meing placed in the oven,
examinad., The glass {lake
or faults were visible, 7The thicknes
duc to the uneven thicknoss

After this long ambient cure cycle,

orientatinn was uniform:

of the calendered
scveral saall entrapp2d air bubbles present in the

the cylinder
to staurt the full cure cycle,
the section collapsed,

the temperature cxceeded heat distortion point of

the cylinder was visually
no flow lines
3 of the vnit was irregular
sheet, There were
cylinder,
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Cylinder #l12 was prepared from the same batch of calendered sheet
material used to prepare cast cylinder #11, except that before centri-
fugal molding, the resin was permitted to R=stage overnight, The
B-stage calendered, rigid and brittle shect was cut to the correct size
and heated in oven at 150°F. for 30 seconds to soften the sheet to a
drapable sheet. The sheet was then wrapped around the aluminum core,

J—

S —— e inserted—in—the mold and cast. A hot air blower was placad at the i
front of the open mold and hot (150°F.) air wasg directed on the |
rotating cylinder for 30 minutes. The casting was 72 hours at room
temperature; the unit was subjected to a ¢uring schedule of 12 hours
~at 100°F., 12 hour at 125°p., 12 hours at 150%F., 12 hours at 200°F,
and one hour at 300°F. a

The molded cylinder has a visible lap joint, but ia free of all
visible flaws, volids and orlentation defects, is uneven in thigkness
due to defects in the roller orientation mechanism and has ncvcral
small air bubbles entrapped in the material. . ’

Cylinder ##13 ~ Two plies of roller-calendered premix sheat were
wrapped around the expandable aluminum mandrﬂl The B=stagod unit
_wak destroyed during the cure cycle. The 100°F, cure temperature
erceodad the heat distortion point of the B-ztaged resin.

e _ 4_ S ) chinderA 14¢_~QMO~DlLGa of -Ba~gtaged - rcller-calendered~premdx ----- >~f“~1
g ' - g L T N Bﬂnézaaghﬂ:ﬁﬁit;ﬂl ~Q=nt,i.uundmnﬂd-t4:aﬁy—“nh exeelliant—Hark— J”““?ﬁ
©owas obtained free frcm most vigual defeets. .'”3

- . . i
f—- - - FETEE

Cylinder #15 - Twa plie of wet roller calender sheek wore
wrappad around the aluminum mandrel., 7The unit was cured and cxcomined,
¥nit lines are not wisible and most laminate defects were not prasent,
The laminate does have one molded line present which was caused by a
fold in the parting paper.

Cylinder 416 - The slotted centrifuge inner -chamber wag used to
‘ nropare this part. KXnit line disorilentation was reduced and now
‘ scema to be caused by an overlap or sheat jolning difficulty.

Cylinder #17 ~ The slotted centrifuge inner chamber was used to
produce this polyester based cylinder, The 55% glass content is-
sufficiently low to permit formation of thin resin rich areas on the
ingide of the pipe which cracked during the cure cycle. The inner.
mandrel was used for this molding (Photcgraph 29).

Cylinder #18 - The slotted centrifuge inner chamber was used to’
produce this 60% glass content cylinder. The inner expandable mandrel
was used and the rpm was reduced sufficiently to result in a reduction
of Xnit lines in the cylinder (Photograph 30).

IV.3,4.6.2, Conclusions

Several simple and complex ghaped cylinders have been produced
using the 4000 rpm horizontal centrifugal casting apparatus and room
temperature curing epoxy and polyester wet premix systems, The
complex shaped pipes have variations in inside and outside diameters,
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Photograph 29

Cast Cylinder #7




|
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Photograph 30

Cast Cylinder #18
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One cylinder contains a metallic aluminum insert in the form of a.
spirally coiled ribbon circumfused in the matrix and touching both
inner and outer surfaces, The wet blended systems were premixed
in the Abbe mixer in 50/50, 55/45, 60/40 and 70/30 glass flake to
resin ratics,

All successful moldings were prepared from wet_ premix_systems,

""Attempts to centrifugally cast pipe from dry blended pulverized

phenolic~glass flake mixX were unsuccessful, We attempted to use

this system to produce a cast pipe with maximum glags f£lake particle
“~8ize, Dry blending of glags flake results in minor particle aize :
degradation. Therefore, if dry hlended ¢lass resin blenda could be
-centrifugally cast, particle gize could ke maintained at a maximum,
-which we believe would contribute significantly to the ultimate
strength of the laminate.

Several laminates have -been produced using a double-walled
centrifuge technigque. Attempts were made to determine 1f an inner -
centrifuge chamber which has multiple openings in thae.surface could
be usad to meter, orient, and produce complex shapes, The gimple
pipe inner core dsmonstrated that premixed wet reain glasgs flake
systems axhibited sufficient. flow to permit passage from the inner
chamber to the outer molding chamber, )

D ot o INa3eBed. o In ___t_‘._r;_g_é_._gﬂ_&@_n——-.._ e

Commevrcial glass flake is produced by blowing large dlameter
tubes or bubbles having a wall thickness of 2 microns from molten
E glass tubing and then crushing the ccooled and solidified £ilm to
produce flakes., The process produces a variety of flake shapes and
sizes. The flakes have irregular notch edges, varied diameters and
a slight curvature, No attempt iz made to classify commercial flake
into flake diameter ranges. Therefore, commercial flake contains a
range of materials, from a fine dust up to individual flakes 1/2 inch
in length. During the course of the glass flake study, appreciable
differences in the appaarance were noted when large bulks of flakes
were viewed. .

The degree and extent of variation in glass flake size
distributions in commercial giass flake were believed to be con-
tributing to difficulty in obtaining laminates having high strength,
The relatlonship between original glass flake size distribution and
glass flake breakdown during processing and molding and its eventual
effect upon laminate physical properties were studied intensively,

IVe3d.5.2. Analysis of Commercial Glass Flakes

A determination of the variation in the size distribution in
seven unopened boxes of glags flake is presented in Table 41, In
addition, size distribution of five other boxes are listed. The last
five batches were evaluated as part of other phases of the contract,
Examination of Table 41 shows major variations in commercial glass

flake size distribution do exist.
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TAHLE S

Variation in Size Distribution of Commercial Flake

AW B.7 42,1 33.5
11.4 43,3 27.9
65,8 12,2 12,6
13.5 49,1 21,6

12,7 40,9 29,2
14.7 45,9 23,9
11.9 45.3 28,7

7.0 15,1 6.9
- 73.6 1)
70.7 1l4.6 &8
54.2 20.4 11
- 52.5 23
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All identification and markings on boxes A through G are identical,
however, no identification as to lot number was present. Therefore,
tve cannot judge if the measured differences in size diatribution could
be attributed to lot variation or to other variables of manufacture,
handling, storage or transport,

BoX C containa the highest percentage of flakes having greater
than 4 mesh size. This difference was detectable visually,

Iv,3.,5,3, Glass Breakdown Study = Abbe Mixing

From early glaas flake dagradation studies performed in other
phases of the contract, it was established that the larger glass flakes
disappeared rapidly during the blending operations. The preliminary
studias were performed with glass flake to reain ratios of 50/50 up
to 70/30. This study (Table 42) was performed with uncatalyzed resin
in a 60/40 resin to glass flake ratio. The high resin content was
~used to raeduce the excessive degradation rate experienced at higher
glasa flake raticsa, It was already known that as the resin content
was decreased, the degradation rate increased, Uncatalyzed resin was
used to permit ease of clean up and to prevent resin cure during thre
long mixing cycla (one hour) 1nvestigated. R .

Fhreegifferant- hnxcs~cf qlass‘flakﬁ“ﬂﬁrs‘uisd'(E““ & 6) in the .

-atudyfm -poReB-B-eRd-S-Rave -gimost~1 JInaI yIaEs" “ﬂaﬁe aize
distribution,. wagx;c_han__a_campletely diﬁ!a:enﬁ~g$asa flakeAd&&hnr- o

-~ bution compositien,

The study was designed to determine if glaaa flake with similar
initial glass flake size distribution would degrade at the same rate
during procegsing, It was also designed to determine if a batch of
. glass flakems with a higher percentage of larger original glass flakes
would effect the glasa flake size distribution of the final premixed
system.

From our exparience we believed that batches of glass flake
degraded at Aiffarent rates as a result of variation in internal
stress concentrations in individual glags £lakes, faulte, cracks,
and jagged edges introduced through the glase £lake production
technique,

Flake glass was slowly added to the resin in the Abbe mixer over
a 15 minute pericd of time, The Abbe mixer blades were rotating the
lowest speed 12/6 rpm during the glass flake addition, After all the
flake was added, the blade rpm was increased to 100/50 rpm. Ten minutes
after all the glagss flake was added, a sample of premix was removed
from the ball on the slower moving blade, Additional samples were
removed from the mixer at 10 minute intervals and flake glass size
distribution of the samples was determined,

IV,3.5.3,1, Method of Determining Glass Flake Size Distribution

The glass flake distribution of all samples were determined
using the techniques outlined below:
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Freshly Mixed and Uncured Resin-Glagg Flake Mixtures

e -— —{3) - ~The-glass -flake - is-dried-on -a_funnel in @ &if="

b.,

(1) A weighed sample of the resin glass flake mixture is
dissolved in acetone,

(2) The sample is washed by decantation and filtration
until filtrate shows n¢ cloudiness in water.
circulation oven for one hour,

{4) The szample is cooled under suction with a water

_ aspirator,

(5) The glass flake recovered are weighed and the glass
flake content calculated as a percentage of the total
specimen weight,

(6) The recovered glass flake is placed on an 8 mash
atandard sieve which contains the under size series
16, 30, 50, and 100 mesh acreens,

(7) The screan assembly is placed on a Ro-Tax suaker
for 10 minutes,

(8) The glmes flake on each scraen and in the battom

. pan are weighed, .

(9) -The flake aize distribution is calculated as

percentage of the total flake composition,

Resin Glasa Flake Mixtures thaL are P.rtia}&y QL e e -

cm O, e Ao 4 oA e X Rk e i T Ty T e ek

{Only partially Boluble in aCEtO“ET-_ -

(1) A weighed sample is digedted in approxiﬁately five
times the sample welght of concentrated nitric acid
or about four times the sample weight in fuming
nitric acid, _

{(2) The mixture is heated until the resin in the mixture
has been digsolved and only a trace of brown fumea
is glven off,

-(3) The acid mixture is washed with nitric acid by

decantation and filtration until the £filtrate shows

no precipitate or discoloration in water,

Notexr Nitrated resins are aoluble in concentrated
nitric acid.

(4) The recovered glass flake is washed with water until
frea of nitric acid., (Teat with pH paper,)

{(5) The recovered glass flakea are washed with acetone
to remove all water and all traces of resin,

(6) fThe glass flakes are dried on the Buchner funnel in
an air-circulation oven for one hour,

Note: In some cases the glass flake will have a
pale yellow color, Removing the last traces.
of organic nitric acid derivativea by heating
in a furnace at 1100°F. for 3 hours did not
change the recovered glass content by more
than a few tenths of a per cent.

(7) The percentage of glasa content is calculated from
the weight of the recovered glass.
{(8) sSteps £, g, h, and i of procedure "A" are reported,




———————— IV.3.5,3,2, —-Separation-Equipment——— — — —

c. General Considerations

For a simple glass flake content determination, cne
to five grams of sample are required. For a screen analysis,
a minimum of 25 grams of sample is required to keep the
losses of handling below 5%,

An 18" diameter model of the 3weco Vibro~Screen Separator,
Photograph 31, was used to classify the glass flake into +8, -8,
+16, ~16, +30, +50, +100, and ~i00 mesh fractions for particle size ,
studies in glass flake, This separator classified the flake effectively
without static charge inducement by causing the material to trace a
spiral path across a screening surface and into a discharge chute,
Fines £fall through the screen and go through the same process until
classified, The only disadvantage being that screening rates are
very slow; feed muat be restricted or it will cover the entire acreen
and not be classified, This was an expected inherent problem bacausa
of the flake -volume to weight ratio,

The glass flake gamples removed from the mixers and laminaten

-wera classified on a Rotap screen sieve assembly which is a more

accurate device for laboratory investigationa than the larger Sweco,

. The relatively snall samples 25-50.grams were-placed-in the-upper-- - -~
. Hﬂreen and_the machine--operated for:0-minutes, Tha WeIIRE HE—-= =5 0 707 =

" sample contained on each individual acreen was detarminedq;nd ‘glass
£18ke distribution’ caleitlated, . = e

The data in Table 42 is presented in graphic form in Figures 6,
7 and B, Examination of the data and graphs shows that the major
portion of the glass flake breakdown occurs within the first 10
minutes of mixing, It should be noted that blending times for
maximum flake wet out are on the order ¢f 20 minutes,

The data has been arranged in Table 43 to compare the glassg
flake gize distribution of three blends, The data is also presentced
in graphic form in Figures 9, 10, 11, 12, 13, 14 and 15, Fiqure 9
shows the original dissimilarity in glass flake sige distribution
between Box C and Boxes B and G. It algso shows how similar Boxes
B and G were originally in size distribution. The data in Figure 10
shows that after only 10 minutes of mixing, the +16 mesh and higher
glass flakes have virtually disappeared from the blend. It also
shows that glass from Box C actually deygradad at a faster rate than
the glags in Boxes B and G, and further, after mixing, the amount
of large flake present was insignificant, Figure ll shows that
after 20 minutes of mixing, all +16 mesh glass flakes had disappeared
from glass taken from Boxes B and G and that less than 1% glass
remained on the +30 mesh screen,

Figures 12-15 show that the glass flakss breakdown does vary
from lot te lot but more importantly it shows that less than 20% of
the glass flake is retained on a +50 mesh screen, A 50 mesh screen
has openings of 0.0117 inches; the 30 mesh screen has openings of
0,0232 inches. Therefore, over eighty per cent of the glass in the

-
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Photograph 31
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mix 18 smaller than 0,0117 inches in lendgth and legs than 20% is
between 0,0117~0.0232 inches in length. Physical testing of laminates
made from glass flake reduced to these sizes and bound with conven=
tional commercial resin systems are poor candidates as high strength
structural materials.

IV, 305-_3. 3Ao C‘onclusions _ e

The data indicates that major glasg flake degradatiocn cccurs
during the firgt 10 minutes of mixing. Normally, Abbe nixing
requires 17=30 minutes to produce a wniformly wet out mage, Com~
merclal glass flake varies in flake size distribution from box to box,
and from lot to lot, Larger flakes degrade at a rapid rate during
premix preparatiocn. The breakdown rate for each sample of glass
flake varies. Major glaas flake degradation takes place within the
first 10 minutes of mixing. Mixing times of lesgs than 10 minutes are
required if the +30 mesh or larger flakes are to be present in a -
premix,” As an alternate to short wet mixing times, a mixing process
needs to be developed which will provide the decgree of wet out
without flake size degradaticn.

IV.3.5.4. @Glass Rroakdown Study - Dry Rlends

. The objective of this study wag to determine whether dry hlended

leminates, propared with a ceontrolled £lake size, would exhibit
e mERERERIER propnrw i NI ToU I DY dolfoiated to different sizes of

meoh, Tnu dry blegg;nq muthcd waa_chosen- to AR ¢lass wtth.:auin.
ISR e flakc hraakdown durinq miwing. Provlouq nxpnrlcncn has
dononstrated that the Abbe blender causes degradation of the glass
during thoe wmining cyele. The lorge flake sizes in particular are
subject to deterioration. -

To reduca the number of laminates tested, 1t was postulated
that the ceffect on strength properties of the glass £flake as
reinforcemrnt would be independent of the resin used in the composite.
Therafore, this study was limited to the EL-26 series as a solid
pulverized epoxy resin binder ayastem. All the laminates used in
this study were composed of 70% glaas flake, 2 microns thick.
Although a 70% glass content level was chosen, lower glass contents
should show similar relationships between flake sgize and laminate
strengths, The resin binder system consisted of Jones Dabney
Epi Rez 522 (epoxy). a solid at room temperature, Ior use, this
regin was pulverized and screened into the =100 mesh .raction.
Both the pulverized resin and the pulverized hardener were dry
blended to produce a homogeneous material in preparation for the
blending with glass flake. Classification of glass flake into the
chosen particle size range was accomplished using a Sweco Vibro=Screen
separator, Five flake sizes were chosen for this study: +8 mesh,
+16 mesh, +50 megh, and the +100 mesh flake sizes,.

Glass flake was added to a Patterson-Kelley V blender and
tumbled for a period of 1/2 to one hour prior to addition of the
resin, After the 1/2 hour blending time, the glassg flake had
developed a static charge, The pulverized resin and ha:dener system
was then added. A two-hour dry blending time was uscd. Previous
experience indicated that shorter blending time did not qglve a good
coating of the pulverized resin on glass flakes,
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Table 44 gives the curing parameters uscd for the preparation
of all the laminates in the series, BAll were prepared in a 9 x 9
box mold in the 10 x 10 Elmes compression press.

TABLE 44

— -~ summary of Preforming and Curing Parameters for Laminate Preparation

(Flake Size Study ~ Laminates EL-26~3 to =~10)

P P P C c Cc M M M
T 6 p T ) P by e p
170 20~30 200 300 1.5 0 300 2 750
Key:
Pp ™ Preforming temperature, °F.
Pe = Preforming time, seconds
pp a preforming pressure, psi
Cpi ™ °F. -

C "im“Time in which prefarmed éry blend ia allowad"to come to
. _. 7. molding tamparature at eontact pressure; - subsaguasitly
referred to as contact time, minutes,

C, = Contact preasure, pai

P
My = Molding temperature, °F.
Me = Molding time, hours
Mp = Molding pressure on laminate, psi

Study shows that when a larger flake size is formulated into a
laminate by the dry blend process, it degrades during the molding
process into smaller flakes. The effeect on strength properties is
nearly slmilar to the effect of smaller flake size in a laminate
made by the dry blend premix process,

In Table 45, the glass flake size found after molding is listed
together with the original flake size formulated into the premix.

It is apparent from the data that the larger flake size as formulated,

degraded more during the molding operation than the mixes formulated
with smaller flake fractions, The flake size distribut’on after
molding is illustrated graphically in Figure 16,

when the premix containing all +8 mesh glass flake was molded,
all of the +8 mesh glass flakes wers degraded to a smaller size,
The glass flake size analysils, after molding, revealed that only
31,3% of what had been +8 mesh glass flake was retained on the +16
mesh screen. As a contrast, the premix containing all +100 mesh
glass flake degraded much less as a result of the mo.ding operation.
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After molding of this premix, the glsas size analysis revealed that
63,1% of the formulated flake size, +l10U mesh, wasg still retained

on the 100 mesh screen., "hat is, only 36,9% of the formulated glass
size was dedraded to a smaller size, .

Mechanical properties of the laminates prepared in this study
are presented in Table 46, From this data, it can be seen that the

effect_of-original—flake-sizge-on--tensile, flexural and compressive ~

AL

strength, is minor. The average tensile properties of the laminates
prepared using the +8 mesh flake and +16 mesh flake are slightly
higher than the average tenaile properties of the laminates formulated
with the other three mesh 3izes. The standard deviation of the tensile
values for the +8 and +16 mesh laminates are 1500-2700 psi. -The

- tenalle strengths are therefore within the same range for both

laminates, Even though the original glass fiake size was +8 mesh

as a dry blended premix, during molding it was broken down to a flake
size comparable to that of the +16 mesh fraction resulting in the
£inal maolded glass flake size distribution gimilar to that of the

+16 mesh.premix. (Refer to Figure 16 for distribution of glass flake
‘in the cured laminates,) The three remaining fractions, the +30, .
the +50 and +100 mesh fractiona had slightly lower average tensile
strengths than the large flake laminates, The average for these
three samples 18 between one. and four thousand lbs. per sq. inch
below that of the laminates compoaed of the coarser glass flake sizes,

However, consaidering the standard deviations for the—laminates,— - —— -

-1=3,000 pai, the laminates ecan-be-considered.of. ﬁquivalans»streanﬁvn«»~~

- o DataTinm Tabla 46 ifdicAite that tensile medulus valuss followed
a 3imilar pattern as the tenaile gtrength values.. The +8 nesh fraction
yialded a laminate having the highest tensile modulus of elasticity.
This property in laminates of the remailning fractions is lower with

the exception of the +50 mesh glass size fraction. There is a general
degradation of this tensile modulus as the glass flake size decreases,
Although tensile strength does not vary greatly with flake size, it

is apparent that the modulus is affected adversely ‘by decreaainq
fiake ailze.

Flake sizes of +8, +16 and the +30 mesh yielded laminates which
have flexural strengths ranging from 32~24,000 lbs, per sq. inch. Thae
flexural properties of the +30 mesh glass size fraction are in the

" range of 25,900 and 26,800 psi, The desradation of fle:xtural strength

values with the very fine glass sizes is similar to the degradation
of properties noted for the other stress-strain properties.,

The laminates prepared with the +8 mesh glass flake yielded the
highest flexural modulus of the entire series., This was a value of
5.33 million psi., The +16 and the +35 mesh laminates had flexural
moduli of 4.65 and 4,60 million psi, respectively. Flexural modulus
values for the EL 26-9 laminate were not calculated because graphs of
the load vs, elongation for these samples were too irregular to give
meaningful data. The EL 26~10 laminate composed ¢f the +100 mesh
glasg flake had the lowest flexural modulus of the series, 3.92 million
psi. As was the case in tensile properties, the +8 mesh and the +16
mesh and the +35 mesh glass fractions have given similar flexural
propevties while the very fine flak2, the +100 mesh, gave the Jlowest
average ultimate strength values,
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The compressive mtrength values of the entire series showed no
general definite correlation with glass flake size, Compression
gtrength of resin forced plastic composites is usually a measure or
a function of the resin system used. Therefore, it was expected
that no relation of flake size to compressive strength would occur,

An alternate solid resin system was developed which was used for
& glass flake size and mechanical--property-study,  The average 2 tensile
o values of the laminates prepared with 70% glass (unclassified flake)
were 16,000 and 18,000 1bs, per sdq, inch, as shown in Table 46. The
tensile values of the test series in question are much lower than
" should be expected, because both the pulverized resin and the pulver-
ized hardener used in the formulations were atored at room temperature
for one to two weeks. Both the epoxy resins and the hardener were
hygroscopic and absorbed water at room tempexature., This led to
general deterioration of strength properties. Laminates EL-~26~1 and
~2 waere prepaved with fresh resin and hardener systems., These
laminates, in contrast, gave much higher average astrength properties
a8 shown in Table 46, These results indicate the advantage of
pulvaerizing and storing both the epoxy resis system and the hardener
in a low humidity atmosphere prior to mixing,

IV,3,5.4.,1, conclusions

- ———formulAtion into dry blended laminates does: not markad&yﬂaffectmgiuﬁs“
& -“**‘“"““rtaxﬁ“ﬁﬁﬁﬁoaite strengths, However, flexural and tensile modulus. .
. e e - RPPABES—£0-be -decreased with 4ﬁpreaaing flake size, Thé +8 mesh,

e T T TR meih and +30 mesh glass flake sizep have given alightly higher

: tenaila and flexural strengths than the finer sizes. The +B to +30

mesh glass flake mize comprises apprroximaialy 80% of the distribution
of the random glasas flake as received, and the mechanical properties
for laminates made with these fractions are similar; thererfore,
molding of dry blended composites should be reatricted to using only
these or larger glass flake sizes.

iv.3.,5.5. The Effact of Processing Procedure on Final Glass
Content and Laminate Strength Properties -

Using BEL-23 epoxy based on 50% glass resin systems, (Table 47)
five laminate sheets were molded at four pressure levels, The object
of the study was to compare properties of Abbe premixes that had heen
preoriented and degasmsed of alr inclusions to a premix that had not
been sc treated, A secondary objective was to determine whether high
glass content laminates could be obtained by uaing molding pressure
to squeeze out excess resin.

1 T, S o 4 we——y

et Camam e T

The method consisted of calendering on the hand operated 2-roil
calender, degassing the precut, measured sheet in a vacuum oven for
one hour at 0.l mm. Hg, placing the degagsed sheet into the preheated
compression mold and curing the sheet at the required pressure and
temperature and cycle of time (Table 48).,

Thia study has illustrated that the_original glaas flake size
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SUPPLEMENT TO TABLE. 48

e ——-Premix Preparation (El-23-Series) — -

A - Farmulated as 50% + 8 meaah glass flake & 50% Reain
Reaain Compontlon; Jones Dabney (Epoxy) 509 = 100 parts
Methyl Nadic Anhydﬂde 50 parta
DMP-10 2 parts

. Mixed in Abbe Mixer 5 minutes
Mixer Jacket Temperature 130-150* F,
Premix: Calendered to 0, 100 sheet
Degassed for 1 hr, at 0.5 mm, Hg
Molded in 12 x 12 "Watson Stillman Press
Molding: Step 1 =~ 2 hrs, 200* F, at indicated pressure
(c) Step2-2 hra. 350°* F, in oven '

. B . Formulated-as-60% +8 Mesh glaas flaks & A0% resln - -~ . .
o e e e - Reain-Composition:-Sameaz A 7 o B
| . Mhr.lnp Same conditions-a» ® . . . T E
Premix: Stacked without orisntation & degassing into proheated

10 x 10 mold

Molding: Step l-- same a8 A
(C) Btop 2 - same as A

® Molding Pressure ~ for S8hests No, 7 and 8 fluctuated during cure«
Rosponeible for delamination within sheet,




_—— sented—in—Table—495—

eyl iy i bR
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The relationship between molding pressure during cure -and final
glasg content is shown graphically in Figure 17, The pogsition and
location from which samples were cut to determine glass flake distri-
bution within a glass flake laminate are shown in Sketch 6,

The tensile and flexural properties of the laninates are pre-

-increased physical properties obtained through degassing and
orientation.

_Figuresa 18 and 19 compare the glass.flake size distribution after
blending and after molding. The data shows that glass f£lake fines
will flow to & greater extent than larger flakes; therefore, a higher
percentage of large flakes are retained in the center of the laminate.

Data in Tables 50, 51, and 52 were obtained from a similar atudy
- uging the multiple~calender roller assembly té process the sheet,
The data indicates that laminates procduced from calender oriented
sheets contaln the same glasa flake size diastribution as the process
premix, Therefore, apparently if the preform sheet is highly oriented,
high compression molding pressures do not have the degrading effect
experienced in molding bulk premixes,

e A daZ e ds MConclggicns_ e H_m,_;u;wnww,“meﬁ-.W”w"“_uﬁ,ﬁ

pe———— Epn—_

The process of or;enting &nd. deqaasinc pcemixes yields 1aminates
-~ with inoressed tensile and flexura) strengths ond lower void content.
Molding pressure can he raised to contrnl final glasg content, however,
final glags content attailnable 1s a function of mold c¢learance, At
0,008" eclearance, a 78% glass content was obtained from a 50% glass
premix., The control over final premix composition 18 nonexistent;
prediction of the value was pure guesswork on the part of the operator,
Therefore, although the glass content can be increased, this is not
a2 suitable production method.

Flow of fine glags flake takes place from the center of the
laminate t¢ the outer edges leaving larger flakes in the center,
Extensive crushing of non-~oriented glass flake particles cccurs
during the molding cycle when pressures of 1000 psli are used. The
degradation of flake is reduced by orientation of the flake,

It was data from this study which revealed the potential value
of the proposed roller-orientation process and gave incentive to
more detailed study of that phase of the program.

Iv.3,5,5.2, Effect of Roller Calendering Upon Physical Properties

The study was designed to reduce the large number of process
and raw material variables encountered (except varlations in wet
flake treatment), in the preparation of laminates from oriented
(calendered) and non-oriented premixes. The effect of glass flake
content upon laminate strength and visual quality was also evaluated,

~Examination- of -the data reveals the benaefity in

et 2 e
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Diatribution Plot of Individual Screen Analyses [or Premix and

Cured Compression Molded Epoxy-Glasa Flake Sheet (EL-23-2)
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The premixea were prepared in the Abbe mixer using a tightly
time controlled blending procedure, The glass flakes were added to
the preblended resin over a 10 minute period of time, The blending
was continued for exactly 20 minutes after the last flake was added.
Lowest blade speed was used during the addition period and highest
speeds during the mixing period. The klended material divided into
two portions for processing which were treated as described below.

One portion of the premix was processed through the roller=-
calender assembly into oriented sheets, stored at ambient temperatures
25 hours until B-staged, cut into the correct size and weight of
preform, chargad into the preheated mold cavity for a specified
length of time, and cured under rigid molding conditions (Table 53),
Thegse laminates are designated ELR4 series. Two laminates 1/16" and
1/8" thick were molded for each glass flake content 50%, 60% and 70%.

The second portion of the wet, unoriented premix was preweighed,
charged directly into the preheated mold, preheated for a specific
length of time and molded under rigid molding conditions (Table 53),
These laminates are designated ELU4 series..

The physical properties of the laminates are listed in Tables 54
and 55, together with calculated confidence limits of the data at
'95% level. It can be seen that generally superior properties were
obtained from.the calandered flake..  Significant improvement in

S!n!ilgﬂaiaaﬂxﬁisﬂﬁugxewxgaJ1zed‘nalihaughmthe‘imprauemsatﬁcf_otht:
,,,pragnrtiau ‘wara not as gpectacular. _
It nhnuld,he ‘noted that the calender oriented sheets used in
this study exhibited a major defect which results from warpage of
- tha wooden rolls in the assembly., The effect of this warpage producss
variations of sheet thickness along the calendered length., This thick
" portion represents an area of lessened compregsion pressure on the
_premix, The wavy sheet effect is shown in Photograph 32. Uae of an
improved roller calender assembly would result in elimination of this
dafect with resulting significant incraanses in properties,

[-L L2 ) N9 4 AR R e

The tenpile strength of the ELR4 series was apparently uneffected
by glass content, the tensile modulus of the 70% glaas series was the
higheat recorded for the study.

The glass flake size distribution of the specimens after mixing,
after processing and after molding was determined using the techniqueas
described in tluis report, The results of this phase of the study are
of major importance, It was determined that the chemical composition
of the glass flakes used in this study differed from the previous glass
flake supplied, This glass flake dissolved (up to 50%) in nitric acid,
All data reported for the later series of experiments may be suspect
since the chemical composition of the glass may effect resin bond,
glass flake properties and glass flake laminate properties,
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Glass flake laminates were digested in nitric acid to remove
the resin binder without effecting the glass flake content in all
studied described in this report. The premix, oriented sheet and
laminates were submitted to the same digestion process to determine
the effect of processing and molding upon glass flake particle size
distribution, The results obtained are listed in Table 56 and show
that excegsive loss of glass flake contents were encounteredt__m___,_"_w,“_
Exhaustive investigation showed that the weighed quantities of i
ingredients used in preparation of the premix were correct, that the
balances uged to waigh the ingredients and specimens were in proper
working order. Therefore, the tests shown in Table 57 were performed.
The rosults reveal that the glass flake in the new batches  (Boxes A »
to G} was different from the older sampls of flake representing ) e
material used in early development.

As part of the early phases .of the program an anhydride
cured-epoxy laminate was produced which exhibited the highest tensile
value (21,800 psi) recorded during the entire program. Because of.
the emph:sis on process know-how, develorment and production of
prototype parts, this interesting lead was not investigated further
at the time, After consideration of the improvements of strength .
neoted in use of calender oriented material, an attempt was made to
: duplicate the earlier experiment to gee if newly developed techniquea
TMWmuunuu~ﬁﬁan4~a~~u~e~wou1d eause~incrcaaas of tanst]e strength‘” = TR

L;_'_v_»__.:.._'____“am_‘;__.. - _ IS iochiosd T RIS IS e - P y

&__”T:,:u@m__,m_ L . The blend (Jahlcs 58 and. 59) wasg. Abbe.premixed and calander = - - - -3
R - grisnted intd ‘fiat sheets, The sheet was cut 1ntd 9 X 9 1néh"*§uaras,'*

) ranoved from the heavy parting paper and placed betwzen mylar sheet
prior to exposure to the vacuum and subsequent molding. Trimming
one inch from all the edges removed all traces of occluded air from
the laminate,

The molded units which were produced were of visually superior
quality, highly transparent and frae from all visual defects such as
ir bubbles; check or flow lines and misoriented opalescent areas.

Physical test data for these laminates are presented inm Table 58,
- The tensile strength did not reach the high 21,800 psi value pre=-
viously reported for the asystem.

: The low tensile values exhibited by these apparently perfect
laminates ars discouraging., Only three factors could be causing

these low values, 1) Glass flaks degradation may have been excessive;
because the glass is acid soluble this ecould not be determined,

2) The glass flake laminates have a tensile astrength limit which is
in the reported range, and 3) the change in glass flake chemical com=~
position has adversely effected the physical properties.

Tables 60 and 61 list the physical propertius, 95% ccnfidence
limits and molding parameters of a variety of laminate produced in
efforts to determine a number of concepts investigated in support
of the developments described in this raport.
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Photograph 32

Roller Calendered Oriented Premix Sheet




ELR 3.14 2666, 6g

Table 56
SR———— A ay—

Eiffect of Nitric Acid

Upon Glass Flake Laminates

186,

ELR 3.5 2666, 6g
EL 23.8 133, 3g
ELasz 133, 3g
EL23.4 199, 9g

4000 g

4000 g
200 g
200 g

200 g

S L S

R et A PR

40 60
40 60
40 60
40 40
50 50

S [ N ST

40,5 59,5
39,6 60.4
40,1 59.9
40. 6 59,4
49.8 50,2

9“55...&“_“ - ,‘

Resin . Glass % Resin % Glaas % Resin % Glass %
Wt, Wt. Calc, Calc, Anal, Ana], Loss
ELU4-5& 6 12845 30004 30 - 70 52,3 41,7 32.0
ELR 4-5 & 6 1284 g 3000 ¢ 30 70 52,9 47,1 33,0
ELU4-3&4 20005 30005 40 60 46 4 10,0
ELRu-34 4 2000 ¢ 3000 § 40 60 58, 9 1 32,0
50 50 68.6 3.4 37,0

0,83
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Table 59

Oriented Anhydride Cured Epoxy‘System
‘ Molding Parameters Used

Resin System JD 509 - ' 1041 g

: Methyl Nadie Anhydride 937 g
T DMP=-10 2l g
Glass Flake ‘Box D 2000 g

Abbe Blended - roller calender oriented

- Gut into 9 x 9 inch sheets

Exposed to vacuum o
1 hour 4-5 ram,. Hg No weights

S __;_ ... 1 hour 4-3 mm, } Hc fagﬁ._mjmrjaqu;,_ weight- — -

'_'uooled ta remova pn'ting mm

]
g

Cure Parameters

Preasure, pai ' . 200
Temperature, °F 7 250
Time, Hours , 2

~ Cooled to 156°F before opening mold
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._resulta from an incxeased*ﬁlakn_ar1entaticn
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Laminates ELR3~6, ELR3-9 and ELR3-12 were prepared to detexmine
the effect of layering plies of oriented sheets to form laminates
upon physical properties and effect recalendering has upon the
laminates,

Laminéte EILR3~6 was reprocessed through the roller calender
using the same nip clearance used in the first pass thirough. The

.—_ __.gheet_size-increased and-bead buildup-on—the feed sidaes of tha ¥olls

were noticed, indicating substantial decompression had been experienced
~after the first pass., ,

In preparing laminate ELR3~9, the parting film was removed from'
ohe surface of two squares of the wet sheet., The two shects were
pressed together by hand to form a single sheet,

Laminate BLR3-12 was prepared by removing the parting paper from
both gides of two sheets of wet premix. The two sheets were molded
immediately.

Examination of the data in Table 60 shows that wet molding of

the oriented glass flake sheet material produced the strongaest laminate.

Except for tensile propertles, no difference between the recalendered
ghoect and the hand bonded 2-ply laminate was-found. --The recalendered _
sheot showed some Lmprovement in tengile propartjes. “This inecrease

T "he nL60~4o Box A and EL60-40 Box B lamlnike geries_was. p:egared—ﬂf ,,,,,
in an attempt to d8ER¥Rine 1€ classified flake-zolocted from BOKGET T
whicn contained wide difference in aize distribution would produce-
laminateg posscssing different properties. Theorétically, if only

the f£lake size was different, classification of flake should éliminate
this variable and produce laminates with similar properties.

The blending, processing and molding of the four laminates were

‘performed under rigid controlled procedures (Table 63). The laminates

were prepared in two thickneggsea and axhibited no visval diiferences
Which were readily apparant.

Examination of Tabla 60_shows that. both ‘laminates produaed from - -
glass identified as Box A axhibited significantly higher compressive
properties than those produced from Box C, While confidence limits-
ware not. deternined, average tensile values indicate similar trenda
exist.

The unclaﬁsified glasa flake in Box A contained substantially
less of the large size flakes than did Box C, Therefore, we had to
conclude classification of flakes from dissimilar original lots does
not produce similar laminate properties,

The laminates in series ELR3-1, ELR3-15A and ELR3-15B (Table 60)
were prepared to evaluate the effect of vacuum blending upon physical
properties and the effect of variation in the extent of the partially
cured resin (B-stage) upcn pnysical properties,

B
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The blending, processing and molding of the laminate specimens
was rigidly controlled (Table 61). The vacuum hopper Abbe blending
process i1s fully described elsewhere in this report,

Examinatlon of Table 60 shows no trends even though the average

tensile strength of the vacuum hopper blends appears to be higher.
The molding and roller~calendering processing of all three of the

————— laminates was ake gize T 7~
distribution of the final premix was the same in all cases, the ‘
similarity in physical properties of the laminates is understandable. |
The glass flake breakdown studies have shown that glass flake pre=
mixes which have been Abbe blended exhibit similar glass flakre size
dxstribution regardless of the premix blending process used,

IVa3,5,. 5.2 l, Congluaions

Increaged physical properties are obtained when roller-calendered

sheot material is laminated. Tensile strength appeared uneffected by
- glass flake content. An apparent variation in the chemical composition
was uncovered in the last order of flake purchased. These flakes

exhibit a marked solublility in concentrated nitric-acid. The effect

of this chemical difference upon such important factors as resin to

glass flake bonding, untreated glass f£lake physical properties and

glasgss flake laminate properties is unknown. The result obtained with
. .. Jlamlipates from an _anhydride cured epoxy. system which. had yielded—thawnm—ﬂlu
~men. Bighest kensile value chtained-during the conitract pericd-was-not: R
reproduced when fabricated from & new batdh of flake.lwnl& T .

qldtng "wat" orientﬂd aheets producea laminates which are
stronger than layering B~stage plies or layering wét sheet and
B-gtaging the composite before molding. Racalendared sheet produced
laminates with properties similar Lo properties obtained f£rom specimens
in which sheet was calendered only once. 7This indicates that use of
a calender with additional roller units could compress and orient
the flakes further to produce gupesiocr laminates,

Classification of Aissimilar glass flake 1ots does not produce
a common base material., Thie information increases our belief that
each lot of ¢lass flakes 1s possibly chemically and physically diffarent,
will cause unpredictanle procass variability and may result in uanfore=-
seen strength variations.

Vacuum processing of resin glass mixtures increased tensile
properties of the laminates slightly. The degradation of glass flakes
during the blending process under vacuum causes a reduction of the
glasa flake particle size to' a level similar to that obtained when
blending occurs at atmospheris pressure,

iv.3,5.5.3, Micro Appearance of Glass Flake

In addition to determining the glass flake content, breakdown in
size distribution, effect of distribution on processing upon laminate
properties and orilentation on physicals;, the micro appearance of glass
flakes in laminates was determined,
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Photomicrographs were obtained on selected specimens ranging
from 50% to 80% glass flake contents, Table 62 lists the process
and molding parameters of the laminates from which the photographed
specimens were chosen,

Analysis of microghotograghs

Photomicrographs ‘were made of the following laminatesa

EL~15-18 70% glasas

" BL~15~-20 50% glass (20 tona molding pressure)
EL-15-2)1 60% glass (15 tons molding pressure)
EL~15=~22 60% glass
EL=15~34 80% glass
BL=23=-4 70% glass

At the 50% and 60% glass contenc (EL-15-20 and =%l cf. Photo~-
graphs 33 and 34) flake alignment within the ccmposite appears cuite
uniform with some instances of curved flakes. Resin binder thickness
appeara to be on the order of 8-15 microns thick. This minimum resin
bindexr thitkness has been postulated as a key factor in tensile strength
propurties. We believe the desirable resin binder thicknesses have

: resulted from the use of high pressures on the preformed sheaeta during o
T ~ . . _euring. -In Fhotograph 33 the transverse crogs-section illustrates the =

;%;ijjmwua;g-;u‘ preseanfdi~artm1uk=r“raain‘hvug§§gg“Wﬁefe,Eﬁ“ﬁgglggggonmg“ngﬁded,_“_mﬁ_ﬁ_@

“Eabtv“rzzurtiﬁg”rfzﬁ crusning during bonding, B
ure. £rom- -£lake paralielismy - It 1s-belimved that the . -3

e S s Ry IgRTly Target reBin Dinder tHLCKNEss *observed has no effect on |

laminate tenglle proporties becuuss it 1ls Atill less than 20 microns. ;
Previous work indicates that a thickness of 20 microns and greatar in |
resin binder will lower strength properties. 3

Photograph 34 illustrates a 60% glass laminate (EL-15-21) molded
at a pressure of 15 tons. Photograph 33 illustrates a 50% glass
laminate molded at 20 tonsg hydraulic pressure, The laminates had
average tensile strength values of 14,1 and 14.0 respectively, Flake
gpacing in the laminate producaed at the lower pressure appears slightly
larger *ut still within the rance “"alieved desirable,

Photograph 35 depicts the EL-15-22 laminate containing 60% glass,
The tensile strength of this sample was unexpectedly low, 10,800 psi,
The mizsrophategraph of this specimen contains & posaible explanatden
for this result, At the center of the laminate, where the two preforms
uged are bonded, there appes °8 to he an area where large résin binder
thickness 18 significantly greater than in other pictures. At one
point, resin binder thickness is 32 microns, Orientation of the fiake
throughout the remainder of the composite appears uniform and average
resin binder thickness varles froum 2~12 microns, The resin binder
thickne. v« of the 60% glass sample is lower than the resin binder
thickne=4 of the 50% glass laminate ag would be expected from higher
glass content.
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Photomicrograph (100 X) of Laminate EL.~15-20

UL
UR:
L
LR:

Photograph 33

containing 50 per cent giase

average appearance
longitudinal cross section
surface perpendicular to lamination
tranaverse cross section
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Photograph 34

Photomicrograph (100 X) of Laminate EL«15-21
containing 60 per cent glaes

TOP: surface perpendicular to lamination
LL: longitudinal cross section
LR: transverse cross section
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Photograph 35

Photomicrograph (100 X) of Laminate EL-~15-22
containing 60 per cent glass

UL: average appearance

UR: longitudinal croas section

LL: surisce perpendicular to lamination
LR: trana'c:3¢ cross pection
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The 70% glass laminate, EL~15-18, Photograph 36, exhibited good
flake orientation and smaller resin hinder thickness approximately
1l to 4 microns, Correspondingly, the average tensile strength of
this laminate was high, 15, 300 psi, and again, the appearance of a
raain rich bond line is revealed where the two preforms were joined,
This resin rich line is only approximately 20 microns in thickness,

-_--m-4%@—60%-glasswcontent—laminate;~Eh=15=34;”Phutaqfiﬁh_37; raveals

an even closer glass flake packing, with an average resin hinder

- thicknesa of 1 to 3 microns. This close flake packing would account

for the high average tenaile moduli of 9.63 million pei raported,

Many flakes geem to have no -xesin between them, indlcating that resin.

coverage is gparase, This observation coupled with the raecorded low

- tensile strength value of 13,200 pai is indiciiiv. that a limiving

glass content is being approached wheare insufficient resin coverage
contributes to reduction of tensile strangth properties,

Photograph 38 shows, for comparison, a laminate containing
70% glass prepared by the Abbe mixing method, which utilizes liquid

resin blending., “his laminate, EL-23-4, is the samé laminate that

has exhibited tensile strength found in this program, 22,500 pai

-(avarage 19,600 psi), The uniform- flake parallelism, and low resain
bindexr thicknesa (l-3 microns) are obvious. The picture, in support -
. of flake qriantation and resin thickness theory demonstrate the "

TIV.3.5.5.0,0, concluaions

Maximum resin bonder thicknass should not excaeed 20 microna,
Preform sheets exhibit thicker inter-~sheet resin layers but generally
the thickness is below the 20 micron range, Compression molding
pressure adveraaly effectn glass flake mize, Eighty par cent glasa
flake contunt laminates exhibit micro-resin ltarved aroau 1ndieatinq
an approach tn mavimum olass loading contant, :
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Photograph 36

Photomicrograph (100 X! of Laminate EL-15-18

UL:
UR:
LL:
LR:

contsining 70 per cent glass

average appesarance

longitudinal croas section

surface perpendicular to larnination
transverse ¢ross section
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| s UR:
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LR:

Photomicrograph (100 ¥) of Laminate EL-15-34

201.

Photograph 37

containing 80 per cent glass

average appearance
longitudinal cross sectizn
surface perpendicular to laminatien
transverse crags section
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Photograph 38

Fhotomicrograph (100 X) of Laminate EL-23-4
containing 70 per cent glase

UL: average appearance

UR: longitudinal cross aection

LL: surface perpendicular to lamination
LR: transverse cross section




VY, Fhase III F ication of Selected Complex Shapes

V, 1, Introduction

After approximately a year of effort devoted to selection
of resin systems from commercially available supply, the develop-
ment of mixing methods, and the pilot studiles of process capability,
-a—decision-was—made to begin Phase III of the study., We recoginized
the limitations of the aystems developed to that time, but beliaved
it to be in the beat interests of the Air Force to initiate the .
investigation of the capabilities of glass flake regin premixes in
conventional plastics production facilities., Concurrent with this,
wa continued to work additional theory qnd leads on Phase 1I,

Although the contract permittad the expenditure of several
thousand dollare for dies, molds and related e._.ipment, we felt that
sufficient aircraft and missile parta were being produced £rom

" reinforced plastics to permit us to negotiate with other Air Force
contractors for use of their facilitieam, This approach would not
only save tha Air Force money, but would also prasent an opportunity
to evaluate glaas flake resin systems in direct comparison with
standard production plastics misslle hardware., We were gratified
with the acceptance and speedy approval by thn spongor of this
concept, and promptly began a survay of Alr . .ce contractors in

...this geographical ua&whera Phale III. mi.ght. be pgrfarmad —under e
. ouy technieal cognizance;:. o

A puBDOREYALE Fo¥ the production prototype molding of 77 7

Phase III with the Flastieas Division of Raytheon Manufagturing
Company in Maynard, Massachusetts, wasd approved by the sponsor,

The Plastics Division of Raythaeon specializes in the molding of
reinforced plastiecs and composites for the military. They have
molded radomes, nose cones and rocket nozzles, etc, and were

equipped with the necessary molds, high pressure presses, and other
plagtices fabrication aquipment to fully evaluate our approaches to

- Phage ITI molding, The followi ing wers compression molded: : T

1., Missile fin

2. Practice nose cors

3. An ablative test nose cone
4. Nose cone insert

5. Rocket exhaust nozzle.

A sixth and severth configuration, the Electronic Gata and

Electronic Bridge were transfer molded. The seventh configuration
was molded at IBM, Peekskill, New York.

¥, 2., Hissile Stabilizing Fin
V, 2,1, 50% Glas, content (Epoxy Resin System)
Fhotogyaphs 39, 40 and 4! show the molded £in, To mold these

fins, the B-staged granulat.d dry opoxy premix containing 50%
glass fla%e was used., Using Raytheon's 7KW "Thermall" dialectric

[
N %M ache. :




Photograph 39
Missile Fin
50 Per cent Glazs Flake-Epoxy Laminate

204,

oind i




| Photograph 40
Side View of Miseile Fin
(showing detail of support base and fin
as molded in press)
50 per cent Glass Flake-Epoxy Laminate




50 per

Photegraph 41
Backlighted Missile Fin
cent Glass Flake~Epoxy Laminate

206,




‘heater, we werea able to dielectrically preform the molding

compound into briquettes, 3-1/4 x 3-1/4 x 3/4 inch thick, which

were subsequently preheated in the dielectric heater and molded

in the Bix cavity mold, A total of 10 fins was made by this

method. The first four fins were made at varying molding temper-

atures to see whethexr these flow lines, apparent in Photograph 41,

could be reduced by using varied mold temperatures. It seemed . :
apparent that the number of the flow lines could be reduced, but = __ _

_______“_"T____;-_——————not—complete1y“eiiminated”by”mﬁﬁiﬁﬁlifibﬁ_of molding temperature. }
A range of 270-300°F, resulted in the least number of flow lines :
in the molded fin.

Excellent mold £1i11 and mold reproducibility was exhibited
by the epoxy-glass flake system, The moldirg of the resin-glass
composite into the fin shape was made diificult because of flow
‘raquirementa to £1il11 the mold, The resin must f£low along a
horizontal plane and then into a vertical "T" section within the
mold. The support base of the £in is molded in this fashion,
The fins are molded in a-:aixX cavity mold in the position indicaced
in Photograph 40, (The £ins pictured in Photngraphs 39 and 40
exhibit some streaking on the surface. This i3 caused by an
excess of mold release, Garan 225, mixing with the premix charge.)

v, 2i2; 70% gggsg Content (Bpoxy Resin System)

' A geries of iins was also molded containing- 70% glass flake 7 7
T T T T T paAnforsement and. theosame-epoxy resin system-ussd-reyY-the-ging -
R : molded with 50% ylass as above. The molded appearance of the £ins
. = _ccontaining- 70% glass was much impros: . the £if8 produced
' ’ ’ containing 50% glass flake with respect .he presence of point
lines within the laminate.

In molding the 70% glass misaile [ina, it was discoversd
that the B~ataged dry premixX could ailso be preformed uging a 7KW
dlelectric heater followed by compresalon into the 3-1/4 x 3-1/4
inch briquette, Howaver, it was also discovered that the amount
of preheating requiraed to enzble thes premix blend to be preformed
(80 seconds) advanced the cure of the resln binder system so that
during molding, the resin did not flow sufficiently to give a
translucent part,

The method used to mold the fin with the beat molded appearance
was to preheat the dry premix for 10 second and then bulk load the
material into the mold,

Ve, 2,3, 70% Glass Content (Polyester Resin System)

The polyester regin based premixes which cannot be B-staged
| or preformed, are charged directly into the fin mold, Molded

| appearance oOf these fins was acceptablé, however, only two of
thie eight molded f£ins could be sjected from the mold without
breaking, Poor hot-strength of the polyester laminates was
responsible for these failures.




. gther -parts- moided, sk 200=22F Gram-cHATOE Wag placed In :he pre-
heated compression mold and. cured aa indicated in Tabls 65, oo .7

Table 63 presents the summary of preforming and molding
parameters used in the molding of the nose cone inserts and
missile fins, '

The fins produced with the 50% and 70% glass-epoxy molding
compounds were cut for testing of the tensile and flexural
strengths, Thesde properties were then compared with those of
the fin being molded by Raytheon with Minnesota Mining and

Manufacturing's fibexrglass reinforced molding compound - — — —-—— —-— -

- ———— - Ngpotchply 1Y00" The comparative data presented in Table 64

indicate that both the taenaile and flexural strength of the

glass flake reinforced missile £fin are substantially lower than

the fiberglasa reinforced fin, as experienced in previous
comparisons of the two systems, However, it should be noted that
the tensile moduli are equivalent in the molded £fins, Of importance
is the greater flexural modulus attaingble with the 70% qglass f£lake
reinforced £in; which is twice the flexural modulus of the fiber-
glass yeinforced fin,

L.Li.__mmgamm_m;ﬁﬂ_m

Four fins were also molded from a B-staged premix containing
a phanolic resein binder, however, none of these ware blister~free,
The silicone resin system was not used becausr of the long eurinq
time.

e

Photograph 42 illustrates geven of the molded £ins. Three
contain 50% glass flake - the remaining contain 70% glags flake,
Also, a fin containing R0% glass flake was molded which was poor,
Resin flow during molding prevented complete bonding of the
support base to the verti-/al fin section although molded appearance
of the fin section was axcellent,

Phecographs 43 and 44 illugtrate four of the inert fill.u
migsile fins formulated with polyester resin, glass flake, asbeatos
and caloium carbonate,

V. 3. Hose Cone Insert

Photographs of the molded parts appear in Photographs 45,
46, 47 and 48. Plrotograpns 45 and 46 depict the front and rear
views of the 7" diameter convex part. The mold used was a semi-
popitive mold with the male cavity located in the hottom platen
and the female cavity located in the upper plater of the press,
This arrangement is used in order to mold in a special wet lay=~up
and two copper inserts, (Ordinarily, with other compression molds,
the male cavity is located in the upper platen of the press and
the female cavity is located in the lower platen of the press,)

S ...‘
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Supplement to Table 63

Preforming:

N e oo v o e v o
T T Pg = prefeat time In ™hermall™ 7KW Dielectric
heater, saconds

Preheating prior to molding:

;M'h = preheat time in . “Thermall" 7KW Dielectric
i _ heater, seconds

Molding\Parameters:

Mp = molding pressuge on Fin, psi

Mg . = molding time, minutes
M, - malding temperatures, °F, -
= Q; == e Mfﬂeid%ng~aqu1pmant—usad at*Raytheanu fj“jjjfiﬁ*“jf“ff‘i?‘fff?“*““““?
iy o e i damms B . e By s - - 1
“"';:::::.:;;'“_ J S S mﬂﬂrtl ,30 tﬁn Elmeﬂ Automat @ "Hyar@l&ir " Fress ~ 5 ‘?T-,‘ ¥‘4“_‘:::

Fin: 460 ton Erie Engine & Machine Co, Compression Prass

Formulations: ' Parts
Epoxy: Jonoa Dabney 509 75
504 25
- T S anB.LLi'

{Eutectic amine mixture)

- Polyesters - American Cyanamid
Larinac 4128 100
Benzoyl peroxide 2
Mixing:
1/2 hr, in Abbe mixer at 45 rpm.
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Photooraph 44

Missile Stabilizing Fin

70 Per Cent Glass Flake Content
30 Per Cent Polyester Resin Binder




Photograph 45

Front View »f 50 Per Cent Glaas Flake-Epoxy
Nose Cone Insert
(Convex Surface)
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Photograph 46

Rear View of 50 Per Cent Glass Flake-Epoxy
Nose Cone Insert
(Concave Surfacea)
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This part is later molded into the head of a tactical
nose cone. ‘The molded part weighs 300-350 grawms and the
production unit is molded from a polyester-fiberglass
reinforced premix molding compound containing inert fillers,

The chaiacteristics of the mold required that we
formulate . n»nvemix capable of being formed into a ball and__m_”w_ﬂ_ﬂ_wu

Tt 1

— placed—upor 1. male-cavity in"the press. Lry molding : |
campounds - suld not be used.

Ve 3.1, Despgription of the Molding Progedure -

A preweighed premix charge of 400-450 grams is formad
into a ball by hand and thén placed at the apex of the male
mold. The press is thern cleosed and curing takes place in
.acecordance with the prescribed cycle. The formulations and
curing parameters fox the inserts are presented in Table 66,

The method described previously was used to fabriocate
inaerts from a 50% glass-50% epoxy resin wet premix, ’
Parameters for units molded by this technique are recorded
in Tablea 63 and 66,

The alternative method usaed to make one piece was to

jlagﬁjﬂemrﬂﬂti&nud Bmotaged sheets of 50% glass, ‘me _u_“_f :‘“
.. based on:the male cavity.shd oloss the-mdid:— Tho attar

A S method,_ﬁ}ghouqh more Lrowblesome with resepsct to handiing - 7|

e oparatish#, yislded the bart of theee parts. Replacation 7 T
: of mold surface and finish appeared excellent,

V., 4 B oce_coene

: Dimensions of tnis molded part are 11-1/2 inch length,
11 inch outside diameter by an approximate 0,250 wall thick-
_ness, The molded part weighs between . ix and saven pounds,

Prcduction ordars for this part are fabricated from a
polyester resin binder reinforced with a chopped glags zoving
and medified with inert fillers. Compreasion molding is per-
formed in a 460 ton press (Erie Engine and Machine Company).

A single, gteam heated cavity of a hardened, chrome plata
steel is used,

Thes¢ pieces were not made to obtain physical properties,
hut to show what molding conditions and techniques were
required to yield a uniform vroduct, eliminate flow knit lines,
rosin segregation by praessure flow, glass clumping and booking,




220 A,

Tegsts of this naturxe are all evaluated visually and no
physical tests of the pieces were m . Nose cones must
be tested in a high temperature gas otream, This type of
facility ia not available so such tests were not made.
Physical tests were not made on these pices since they
should be made in environmental equipment, which results
in partial destruction of these pieces. Since additional

—————placas-are-not-made-specifically—£for -teating—and—sincethe—
prime purpose was to demonstrate the molding technique,
physical tests were not obtained.

_,dd&__u_m_mgg_tm_ﬂ_ﬂns_amﬂm

We concluded that pladticity of the molding formulation
‘would be eritical in the successful use of a glass flake
premix in this mold, During molding of the part, the charged
pramix molding compound was forced to flow from the hemi-
gpherical section of the mold in an upward pcttern to foxm a
cylindrical wall, Our experience with the plasticity and
flow valuas of glass flake premixes indicated that 50% to
65% glams flake content would be appropriate. Tha 70% glass
premix would have been too "stiff" to obtain proper F o,
Prior commitments for this mold limited our program t. .he
production of five parts, One nose cone was formulated with
a calcium carkonate £illex. added to con;:pl#:asin.Elou;AthaA_

TUGtHAY. four were formulated. from.gggggggggmgiggauginkg B

exclusivoly. o

The proeedxrea used for all five nose aones dapictad in
Photograph 49 were similar except for curing times. The
molding conditions are tabulated in Table 67. 1In all cases,
the weighed premix charge, 3000 grams, was charged into the
preheated mold, After the recommended curing cycle, it wae
nacessary to cocl the mold to room temperature, Our trials
showed that closing the press under the full pressuxe resulted

in excasa ragin flow £rom the part and the appsavaincsd of resin-

starved areas in the final part: These dry areas alno produced
mold sticking and several molded parts could not be removed
without fracture, The application of a pressure of 200-250
tons to close appeared optimum for the resin formulation

used,

5 Te Ab ti e Noze Cones

This configuration as shown in Photograph 50 consists of
a cone 3-1/2 " in diameter at the base and 3-3/4" over-all
height, This nose cone is used to screen naw plastic
composites for ablation propertles, The ¢one iz s0lid but
has a 1/2" diameter by 3/4" deep hole molded in the center of
the base,
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V, 5,1, Description of the Molding Procedure

The cone mold consisted of a three piece hand mold,
After each cycle the mold was removed from the preasas and
disagsembled to recover the part,

“—'*“—‘__;_‘"f TorT T -7 TA preweighed charge of 375 grams was used to mold each
: part., Molding data is presented in Table 68,

Flow patterns similar to those found in the nose cone
and fin were evident in the finished ablative cona. Areas
of resin rich or glass rich appearance attest to difficulties
in controlling reasin flow, a problem which must be resolved
by formulation modification dependent upon die and mold
deﬂign .

!;_§4__BQQEQL_EKBAB§£_EQ&&LQ

' "The rocket exhaust nozzle 1s a truncated cone 2-1/2"
high'with base dimensions 3-3/4" 0,D,, 2-3/4" I.D, (1/2"
walls), top dimensions 2-1/2" 0,D,, 1-1/2" I,D. (1/2" walls),
The molded unit weighs approximately 275-300 grams and ia
molded in a match metal mold mouated in a 190 ton Eemco

,T.@Mgw-~~—~n4415- ' pigton) compression press. A single-steéam heated

Bavity- ot -hndde ﬁéa~poitshcdmrféﬁi*wzs“nzaa.

e “:#¥1ﬂﬂ?1ﬂ613:ias 1nstaI1a& cne‘avenxﬁq béfare Ehe glasa
flake melding run was performed, Two units were fabricated
with 8Scotehply 1100 (Minnesota Mining & Manufacturing
company reinforced premixed compound) the morning of the
trial runs to establish some molding parameters with a
commercial premix system.,

Y. 6,1, Descrivtion of Molding Procedure

The female cavity 1a mounted on the bed of the Eenco

press and the nale match metal portion on the movable

- compression bed,- Wet Besgtaged resin-flake systems were
molded as follows: the weighed premix charge was placed
into the preheated mold cavity. 7The mold was closed rapidly
until in contact with the glass flake-rosin system then
closed slowly (1~5 seconds) until fully seated. Cure times
ranged frem 5-24 minutes, the most effective range being
5-8 minutes. Molding temperatuvres ranged from 265-295°F,
Molding pressures ranged from 15~-70 . s,
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are prasanted Ln Table 69, Photograph Slmghgﬂn_thaAnozzles. B

As noted earlier in this report, Phase II work was continued
during progression of Phase III. Since good results had been
obtained with flat laminates from calendered sheet, a decision
was made to attempt to usc this material in the molding of a more
complex part.

B-staged oriented--(calendered)-epoxy-glasa-sheets weye nmolded as
follows: the flat rigid sheets cut into rectangles 2" x 4" were
weighed and placed in a dielectric heater for 30 seconds. The
warm pliable sheets were removed from the dielectric hezter and
bent to £it the female mold curvature. The mold was closed and
cured as hefore. ' .

The seriesa of rocket exhaust nozzles were produced from glaas
flake reinforced premixesz basad on polyuster and epoXy reains.
Two glaas flake contents, 50% and 70%, were chosen for thase tesat
moldings, Pxcblems with uncontrolled reain flow yielded parts
with viaible flow, check or knit lines, The parts produced in
the polyester resin based systems were of much poorer dquality than
the epoxy basged parts. The epoxy units exhibited only cne or two
£flow lines, otherwise, had generally acceptable visual quality,
Yo processing difficulty was experienced and excellent orientation
and mold contour was obtained, The individual molding parameters

[R——

‘It Iy’nalxeved Fhat Euperior exhaust nozzlea cou-d be mnldad
asoastos’wara 1ndorporated intn the blend The usa of dielectrically
heated, preoriented, calendernd, B-stage choets for compression
molding of complex curved shapea wan found to be practical. The
two molded rocket exhaust nozzles molded from sheet materia. were
{visually) superior to the molded units produced with bulk resin-
flake systems. Flow lines and disorientation are minimizad in the
molded unite. Ideally,the preweighed, dielectrically heated
pliable sheet should be wrapped around the mals plugs

PhotuyLaphe 32 18 a composite photograph of nine rocket ex? ust
nozzles.,

YV, 7. Electeonlc Gaie

In Photograph 53, elentronic gate asscnblies fabricoted by
transfer molding glass Jlake reinforced premivas are piotured., Two
resin binder systems, (polyester aund epoxy) were uvsed in the prnpar-
ation of these parvs, ‘his part is used as a plug=in type device
for a computer, Electronic components may be wired directly oun the
part giving it a flexibility equivalent tn 3 or 4 different elec-
tronic functions, Commercially, diallyl phthalate ig heing used
as th: anlding material.
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A harnd mold was used in fabrication of this part. The mold
was constructed of three pieces; a transfer rom, and two matching
cavity plates containing the cylindrical transfer vot, Fifty grams
of the premix is charged into the cylindrical tian.fer pot.
Thereafter, the transfer ram, a matched cylinder, having an out-
gide diameter 3-4 thousandths less than tha transfer pot, is

N e inserted_in_tha. transfer pot above the charged_ material, _The_press .
' is closed, exerting pressure on the transfer ram and material in
the pot, The pressure "transters® premix from the pot into the
. mold containing the cavity and metalllic insext, After curing is
complete, tha mold is removed from the press, cooled, and dis-
assenmbled to remove the part, ,

: Table 70 contailns curing and formulation data for the:
tranafer molded gates., Photograph 53 shows 8ixX of the experi-
mentally fabricated units molded from glass flake premixes.

.

The success experienced in moldinc the eleatronic gate
assemblies led us to attempt molding a more complex electronic
rart. Again, transfer molding techniques were employed, this
time using completely automatic presaes and dieleg¢trically heated .
. L ~ preforms, The particular part was & 6" x 6" x 1/4" thick frame -
= e T molded. argung 4% matallic pin type irsercs as shown An PRege- T
graph 24, T

Lhe Paxt on Ehe left in Photé?fiph 54 is~ "aa moldéd" priar
to remwval of excess mateér.ial from the center of the frama. The
part on the right is the finished part. A prehested, preformed
charge is molded perpendicular to the plane of the frame, The
charge flows from the center of the mold into four large runners
which are parallel to the plane of the frame shown in Photograph

_ 54, The charge divided into four parts by the separators, flows
_through a 1/32" thickners gate ~ and forms the perimeter of the
frame.

o - For this application an inexrt f£illed glass f£lake premix
based on an epoxy resin was chosen because o flow and surface
appearance raequiroments, A.series of B-stage preforms 1-1/2" in
diameter by 3/4" inickneas were prepared for use in molding the
part, These preforms were dielectrically preheated to 250°F,
to provide required flow and shortened curing times. (A mineral
filled phenciic is being used to mold this part commercially.)

Complaints have arisen in the £ield because of part breakage,
The flexural strength of the glass flake molding should excoed
‘that of the mineral f£illed phenolic (11,000 psi?.

Formulation data and curing parameters for this part appear
in Table 71.
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Table 71
Formulations & Molding Varxiables ~ Electronic Bridqge
Preheat Tima, Seconds 3
— - Preform Temperature, °F, 250 i
Mold Temperaturs, °pP, - 280
Mcld Clamp Pressure, Tons 70
Transfer Preasure, psi ‘ 300-500
Mold Time, Minutes , ' 6-15 1
Formulation: Parts
- Jones-Dabney Epi-Rex 510 75
. .Jones-Dabney Epi-Rez 504 = 28 ]
) Shell Curing Agent 2 20 — ?
/ Fillera: ' | _ (
Lo @
s e g T
e e T SUReN-MM CEletem URrbonats ———— - 20
: ' Clinco Black Epoxy Pamtr P
Resin COntenfp>Wt. % 43

Note:

Melding equipment: Stokas model 727-1 automatic
: tranafer mold, press

Preheater - 3 1/2 kw "Thermall" dielectri- preheater




Mold reproduction of the glass flake premix filled with

"inerts" was excellent, Surface gloss was identical to the
phenolic molded parts. Delamination was noted around the
metallic inserts at the four corners of the part. This was
due to slight sticking of the part duxing ejection from the

e pPress,—as-a-reault—of minimizing..curing_times-in_-the_mold.- .—- .-
Parts were produced at curing times of 6 and 8 minutes. Parts
cured.at 15 minutes - 1/2 hour, normal for the epoxy formulation,
should have exhibited 1mproved qualiuy.

The physical properties of the glass flake reinforced pramix
used to mold the multi~insert slectronic bridge frame were deter-
mined on a flat laminate molded at 0lin. These properties are
presaented in Table 72, The flat laminate was molded in the
7" % 7" mold using the following conditione: temperature, 250°F;
pressure, 2500 pesi; time, one hour, No dielectric preheating was
used prior to compression molding in the Watson-8tillman press,
The resin was B-staged overnight and storad in a dry ice chest
prior to molding, “

v, 9, gonglgg; ons

"Phase IIT of the subject contract required- the fabrication .
of at least six complex configuratlions fgom gIEssf!Iike ‘premixes
"using the most applicabla Fabrication mefhod &g determine& from

our previous atugi

Subcontracted work of Phase II1I of the contruct was conpleted
upon - the succesaful moulding of rocket exhaust nuzzlius by the
gubcontractor. The units were molded in 50% and 70% glasa concen-
trations in both a polyeaster and epoxy bazed pramiv system, The

70% content system produced parts which exhibited rasin starved
asEyYeona,

The configurationd molded at subcontracted facilities ,
Ineiuded: misuile stabllizexr f£in, practice nose conc, ablative
tesxt nose cone, windshield insert, electronic gate asasembly,
sleactronic frame and rocket exhaust cona,

Photographas 55 and 56 are composites of the aimple and complex
shapes which have been molded under this contract., Lable 73 lists
all the complex shapes molded, the molding process and resin
ays ems uased,

The compression and transfer molding of glass flake premixes
performed in this phase of the program havc esxhibited excellent
meldability. 7The parts were not optimum since time was not Laken
to optimize formulation to Jie design and production curing cyeles.
There is indicated by the resultas of thess 3tudles that a potential
for glass f£lake premixes as a molding material does exist., It is
important to consider this materinl when parxts »re required to have
exceptional properties as well as good strength,

“in Fhaae 1X-A and Il-B. - e T mTTmo T




Table 72
Properties of Resin Used In Multi-Insert
-— - - - - --—-Blectronig Bridge ————— -
Izod Impact, Ft. ibs./In. Notch 0.28

Tensile Strength

a. Strength, psi x 108 - 8.2
b. Elongation, % . .56 -
(- Modulus,”pai X 106 - 1.58

Flexural Strength

oo a.. Strength, pntﬁxﬂlos'*éz;féé,aﬂd;%::

R - SRR S e SR udvo vt A e .;1..‘.:;»]
‘b, Modulue, pai x 10° 9.41
Comprassion
4. Strenygth, psi x 104 2,64
b, Modulus, psi x 105 7.43
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" have been preparod, using wet premixes or R-~staged.preforms of wet
- premixes, & degraded laminate atrength has resultea.- This phenomenon
_ia due tc .tha uncontrollable flow of premix material within the mold

e

The major drawbacks encountered in molding were excessive resin
{low and disorientation of flakes., Both of these defects can be
overcome by tailored compounding of the premix formulation. Table 74
compares the strength of varilous commerclally available premix
materials. It can be seen that glass flake premixes compare favorably
with most of the representative premix aystems listed.

Laminates reinforced with glass flake have been prepared with a

" varlety of resin systems, The epoxy resin laminates have shown the

- highest strengths, but propertiez have not equalled target values ofs

l. Compression strehgﬁh 55,000 pai
2. Plexural strength 45,000 psi
3. Tenaile strength 25,000 psi

Thin, flat laminates of controlled {lake orientation prepared by y
the two developed mixing methods have ghown propertiea in .the range B
of target valuas,

In all caaes where thicker laminates of complex molded shapes

of any complax chape. Durirg flow of the premix in the mold, turbulent

_ #low tnkes placa,. disrupting the parallel orientation of the glass - -
);t

wx.thmxf. glasg £lake paralled- orientatdon, strength properties

,—-une-£ﬁira of the Tensi .na fiexural atrengthe of oriented material.

- molding compounds, The physical properties of a variety of premix

3. it hmEepeCH-YEportod that Unorisnted pramrx“
‘maldings uith 20Xy hxnuL» have. tenslle _and-flexuzpal-stxengths — . el

;..

A‘Aﬁﬁ i

w“hase res:.. - unpheslize that glags flake reinforced plastica
should not be c.\-idered as a roplacement For glass cloth or fiber
reinforced composites., The .censile and flexural strength of flake
moldings teasted ore only approximately 1/2 of the corresgponding glass :
cloth reintorced toensile and flexurasl strengths, |

i ylass £lake reinforced plactics should be considered ag a |
Piaman muau;.ng Cugnund Lor the prouucm.on of compression and transter i
molded parts for misseile snd nircraft hardwarsa, Out studies illustrate =
that the premixes have excellent flow chnracreristics in complex molds, -
such as the minsile gltabilizing £fin. As » pramix molding aomnoundg,
glass flake reiniorced plastics have physical properties which c¢an be
favorably compared with characteristice c¢f a grest numlar of premix

conpounds that have been used or scraened for wse in production of
compression or transfer molded missile hardware were listed in
Table 74. The advantage in flexural modulus gained by using glass
flake reinforced plastics should be aoted aw one of the cutstanding
characteristlss of glass flake reinforced composites. The tensile
modulus of glass flake composites is also higher than almost all
premix molding compounds regardless of filler type.

It should be noted that two of the glass flake moldings chosen
for Table 74 represent maximum strengths obtainable for moldings
prepared from Abbe, ¢. wet mixing, premixes and for moldings prepared
from dr. oslended premixes,
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© As discussed in the report, complex molded shapes reinforced
with glass flake, such as the missile £fin, do not possess the
strangths of the same material in simple flat sheets. This re-
duction in strength in complex shaped pisces'is common with cther
rainforced plaatics systems.




- “B~ataged preforms are uaed, will be difficult to obtain in all but

f;fﬁhroughaut the reinfox c&wpxastias 1hdusf

APPENDIX A

Use of Inert Fillerw Combined with Glass Flake Premixes

It has been apparent that tha glass flake laminates will
exhibit optimum physical propertiea only when the flakes are highly
oriented and a minimum resin binder thickness has been obtained,
Parallel flake alignment in a molded part even when_preoriented .

‘aimple flat or simple curved pieces, A substitute for the preoriented.:

preforms desirable to the molding industry might be a molding powder

or preamix molding gompound which could be used to mold any part.

This material could result in considerable reduection in processing
costs, In the cases where simple shapes of high strength would be
raquired, the process of molding preoriented sheets would ba feasible
but at highar cost. »

ke Bxperimcnnal s :

lnveltigationa ware mada of the uiégbifinart fillers:-with glaas
~ £lake aa a method of redueing the cost-of the mulding compound yet
retaining physical propexrtias; . .The use:: 3

"‘jiﬂcd";plrtwwiﬁh metov L
*-~—‘--appu::snéa- id-texture, and increased -hr
realstance in the.mcld, ... . .

SRS R~ e a6 s

Camp.egsion molding. of formulations prapared with caleium
cavbonnte,- (SBurfex mn-Diamond Chemical Cempany) and-titanium dioxide
{(National Lead wompany) had.an excellent molded appearance, Tensile

" values were obtalried £or botn sheats, (Average valuss are prasented

in Toblae Al,) Tenaila values for a 40% glass dontent with fillexs-
aré higher than the values Lo¥ Glhexr laminates prepaged frum Abt -

premixes containing only 40% glasgs, ‘These xromits ghow the feasi-

~bility of using a pigment filled-glass—flake molding formulation for

8 genarsl purpoeo or premix molding compound whére very high material
strength would not ba a oritical requirement; e.g., heater ducts for
aireraft, fThe material has a stiffneds advantage, in that ita tensile
moedulus is equivalent to othex fiber alaps reinforced polyesters and
epoxy laminates containing the mame or siightly higher glass content,

2, Conclusions

The uge of fillers is feasible and produces premixed glass flake
materials suvitable for use as commercial filled resin premixed systems,
The developmient of this phase of the glass flake "art"” will be as
difficult as the development of other epoxy ard polyester premixed
systems, The number of potential inert or reinforcing fillerxs is
great and the effect of each one ¢r combinations of fillers upon
physical properties will have to be determined if the material is
to be successfully used commercially,

- gr
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APRENDIX B

Tough Plastic~Glass Flake Laminate

The objective of this study was to combine 0lin's tough plastic
reain system with glasa flake in an attempt to incorporate the
observed high impact strength characteristics of tough plastic
formulations-with-high--tensile-strangths of glass reinforcement,

). Experimental - .

During the mixing of.-the highly viscous resin. with the qlaaa
£lake, poor flake wet-out was encountered. Although a 50 per cent
resin binder was used, the high viscosity of the resin system pro-"
duced a rixing similar to the mixing action ancountared when
processing &.70/30 glass f£fluid epoxy resin mixture., After a 20 minute
mixing time in a Rosa laboratory mixer, the glass flake appeared - -
almont uncoated, The molded 9 x 9 sheet, howaver, had an acceptable
appear=®fnico and tensile and impact strength valuez wvhich are shown in
Table Bl. The valuea were slightly highcr than those obtained with
un!tllad Tough Plastic,

,/ an!.nr,tu containing 70 per c:ent glau flake should yum higher
strerigth and modulue values than can be. realized with the 50 per cent
glasa_flake mixtures,  The 50 per. cant glasq ﬂako mixeure laminatu
.14 not show-aignifidant increxney Bl pr : B L R

C Wi tha 70 par dant glass flake e

anticipated high tensile and- impm.t nti’e"ﬁ&'ﬁi‘“\?’ﬂ“mx&

aas " L1N =3 ' 8, -4t mav be wreaw*_,
of conmideration as a material of con construction for racoverable B
axpurimental rockat n-+ne cones, 1
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APPENDIX C

Description of igst Methods
l. Tensile Properties of Plastics

a, BScope

: The tea;fﬁggaw;:;_I;migésrdance with Federal Spacification
Method LP 406 m1Oll (ASTM D638-58T7), This method is intended for -
use in determining the comparative tensile properties of plastics
in the form of test spacimens of standard shape tasgted under defined
condtiona. 4

b. Apparatusg
Testing was performed on a Tinius Olsen Plastiversal machine
“with a 20,000 1b, capacity, equipped with a type U~1l and S§-2
Tinjus olaan gtrain instrument and recorder,
c, Test Specimensa
Test apecimens fér'ﬁhis tenaile teaﬁrwére cut with a band saw

from the 9 x 9 or 7 ® 7 inch cured laminated sheets, Originally,
the_dimenalons of the tensile strips cut from the cured laminated

testing, it was notical that the tensile satrips were not falling
within the presaribed gaugn length of the specimen., Thereafter, the

aample width was ingreased frem 3/4" to 1", At this time, the 1" wide

samplc strip appears to he giving Ratief ctory results ingide the
gavyge length breakages.

~ d, Procedure

As dictatad in the specification method, the rate of head traval
of the testing machine wasa .05 inches per minute during thu cutire
test.,. During the test, elongation of the vwnpls was msasurcd with
the type U~1l Tiniug Olsen strein instrument and recorder, hll
spacimens were tesgted in the direction perpendicular to molding
pressure and parallel to f£lake direction.,

&, Calculations

The tensile strength of the smnple was calculated by dividing
the maximum or breaking load in pounds by the original minimum crosse
gsectional area of the spacimen in square inches, The tenslle eiastic
modulus was calculated by producing the initiai linesr portion of the
stregs-straln curve, selecting any point on the straight line thus
dravn, and dividing the tensile stresa (nominal) represented by the
point by the corresponding strain at the same point,

Lwere 3/4" in width ®'9" total length. The 3/4 % 9 inch strips—
wera then m.ihined intu the Tegqulirad ASTM shape usine o "tensile=kaEr——-=
_mEewine wguipped with a disamond plated-gutter. During earlier tensile -

—




oo T T materin e,

2. Flexural Properties of Plastics
(ASTM D790~487) (LP 406B, wl03l)

a. Scope

Thia method was performed in accordance with Federal Specifi~
cation LP 4068, ml03l (ASTM D790-48T). Thias method covers the
procedure for determining the flexural properties of rigid plastic

b, Appavatua

The Tinius Oléen rlaat1v0ranl machine and a Tinius oOlsen
ABTM Standard Plaxural Test Jig were used for these tasts, The }
type U=l Tinius Olsen Strain instrument was used to record the i
1oas do!lect&on curve of the aample during teatxng.

€. Procedure ' T

. Tha rate of head travel of the teatinq machxnu unll: leud Wll
noc greahor than .05 inches par minute during the test. A .Tinius

during testing, Al specimens ware tested in this direction . . .
pergendicular to flake oriantnticn» 2@., normal to the-laminate = - .
surface. Ry

tha'tollo#inq farﬁulsz

- SPL
28p2
where 5 = maximum fiber stress in pounds par aquaro inch
P = breaking load in poundl
L = distance betwean support in 1nchau
B = width of beam tested in inchas
D = depth of beam testad in iuches

e. Modulus of Elasticity

The modulus of clapticity of material testad was calculated
from the following formula:

1:;=...!e__ﬂ’).
4BD Y

modulus of elasticity in bending,
pounds per sguare inch
distance between points of support, inches
width of beam tested, inches
depth of beam tested, inches

slope of initial straight line portion of
load curve, pounds per inch deflection

where E._

ol

[iw QW
]




3. Compreasive Prépertics of Plastics

a. Scope

This test was performed in accordance with Federal Specificaticn
LP 406b, ml021 (ASTHM D695-56).

This method provides procedures for the determination of the
e —————nchanlcal-propertico-of--rigid-plastics when luaded in compreasion
at rolatively low uniform rates of atraining or loading, :

b, Apparatus | :7 o o S |
The 20,000 1b. cépacity Tinius Olsen Plagtiversal machine was oo
unced with a Tiniug Olasan standard ASTM compressaion testing lig.
The U=1, separable extensometer, was uded to measure deflection of
the samgle during compreagion loading, .

&. Test apacimans<Wﬂ“”,

--- ~Por thaose samplea, specimens 1 X 1 inch’ X the sample thickness
- were cut from the laminate shieet with a band saw and then finished
. . on tha "Tengil=kut" machihe to-assure parallelism of all edges,
oo ~ Thenn some L ® 1 inch X sample width thickneas samples. were usad in
a noneutundaxd edgewise testing procadure, The. 1 % 1 inch #smple — - )
" yima choasen becauga-the comprassion test-jig- -d4d-not-allow-fer-vertien)- o

P

4. Procedure

Efi}il;;;f,L°’”“” U UEippert of these samples during testingstcIhenge-of a-REARARIESTT e
b e TTTeGeaprenssion sample wpnld not perm&: comprnaaicn loading c! the - ;
E: : - tomple without Bendine,: . S Conmo R S
[ R . .- - . R
i,

Inlaccordnnca with the tesgt methed, the cross head speed was
.05 inches per minute, Specimens were tested perpendicular to the
plang of molding pregsure and parallel to flake direction,.

e, Caiculstions

Tha compraguive strength wes asloulated by dividing the mawimum -
compressive load carried by the _specimar during the test by the- R
original croas sectional area of the apacimen, Tha elastic modulus T
wag calculated by drawing a tangent to thse initial linear portion of
the ntress~gtrain curve, selecting any point on the straight lins,
and dividing by the compresaive atress (nominal} representad by the
point by the corresponding compregsive strain cepresented by the
game point,

4, Standard Deviations

The standard deviations of test resulty were calculated uaing
the following formula:

2,
X4=~nit
2 e Sulad LI
= n-1

where ¢ = gtandard deviation

x = value of a single observation

% = arithmetic mean of a set of observations

n = number of samples tested




5, Izod Impact Prop:--icas ol Plagbics

a. Scope

This mmethod is designed for use in determining the relative
sugceptibility of plastica to fracture by shock asg indicated by
the energy expended by a standard pendulue-type anpact machine 1in
breaking a standard specimen in ane blow.

C Ty TTApparatas

A Tinius Olsen Changeomatic Cantilever beam, penaulmu typﬁ
impact tester was used for nll tasting. o N

“a e T

€« Taat Spacimens

Tast specifhens were cut from the ariginal Lamlnate by use of
_a band saw. These specimens were subseqguently finished to a
1/2 inch x 2 1/2 inch x eampie thickness using & balt sander, =& , .
"45° notch 0,10 inch deep was-cut into the.sample with a milling ~ - .
cutter,. - The nitch was in the side of the mol ¥ uhaet parallel o
to the direction of moldlnq preesure.

d, Praceduu T SR N

s In Mcﬁrdancc—wuh the- lpecitied test mathod, the Banpie is
poed=s ntn Sacing a“pmdu*mw = e pendo¥an, "

mlu nuﬂ Auﬁ.fu.aﬂ

[DEIRE R (b LS 01} ] 12

The Izod impact values are calc “lated by dividing the valuam
obtained from d. by 12 times the sample width, inches. his converts
to s value of f£t,=1bms, per inch notch :

6. b’utcrmination of Glaea Content in Cured Iaminate

A L0-20 gram sample was cut from the oriyinal Iaminatgjggg*
plaged into a beaker containimy appraXilmatsly BC-90 mm. of fuming
nitric acid. The resin was digested for o vparjod ¢f 16<24 houra
on & stezm lath., At that time, the remadining nitric zoid and
nitrated resin were decantad by vecuum through o slntered glass
funnel, “he =vid wet glasa flakea were then ringed with distilisd
wntar several times, After st was apparent that trreea of nitric
acid and tbe nitro regin compounds hzd horn washed free of tha
glass flakes, acetone was then uged tu remove water and residual
reain, The sinterad glass funnel and ¢ wat glass flakes wera
then dried in an oven at 230°F, for a period of one hour, After
this drying session, the glase funnel and flakes were welighed on
-an analytical balance, The glaas content of the laminate was
determined by dividing the original sample weight into final weight
of the recovered glass flake, 'This method has been used for the
epoxy binder aystem only. 2 modification is requlrcd when polyeste:x
recin hinderg are used. It now appears evident that the sjlicone
regin binder syatem will have to ba ashoad in a nffls furnace for
glasg contant detormination,




7. Determination of Laminate Dernsity
ASTH LP 406B, m5011

a., Scope

This mathod is designed for use in determining the specific’

gravity of golid plastics whkich are unaffected by water {(short
(23 4 1] exp0aure).

be Apparatus
An analytical balance with speci!ic gxavitf bridge was used, o
C. Tesat SPecimens

spacimens no larger than 1/2 inch x 1/2 inch x sample thickneas
were «ut from the original laminate sheet and drxlled for suspeansion
in the specific gravity bridge,

'd, Procedura

" . The sample is wolighed in air and then in dimtilled water at
e . o

_the middle of the test sample.

TABLE €l
Plexural Test Dimension as B Function of Laminats Thicknees
Laminate Thickness Flexural Test Dimensions
. Inchag : Inches
2/8 - - - if2 x & {or 7 1f 7 % 7 sheet used)
174 /2 % 6 R
3/16 /2 x5
1/8 lx 4

Any swinples thicker than 3/8 inch are milled down to a 3/8 inch
thicknoos before testing, An equal amount of material is taken off
both sides of the laminate so that the 3/8 inch sample represents
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APPENDIX D

1
\

| . Equipment Used in the Program
; ' Equipment dascribed in this report and used in the contract
| " but not shown in the text of the report is shown here in .
I - -—Photaographs Dl~D8; T
it . o 3 o




Photograph D1

X 9 Simple Box Molds Shown With
Floating Top Plate

¢lanar Step Mold
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Ten by Ten Inch Elmes Hand Operated
Compreasion Prees (32 ton capacity)




Fhotograph D3

nch Watson-Stillman

lve by Twelve I

lic Compression Pr
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ess (45 ton capacity)
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Glass Flake Tumbler
(With a Glass Flake ~ Resin Blend Inside)




7 x 7 Inch Compression Mcld







-~ ~ BF3 = Bthylamine complex
Ethylene diamine
. Diethylene triamine
- Triethylene. tetramine
, . Tetra ethylene pentamine
“ - BLS 2680 E ‘
e == - - - Unox 20}
Unox 206
. 7L Unex 207
H . Unox, 269
"o BRLA 2233
i . ERLA 2256
. azPa 0313
£ BLS 3021
e =BLE-2680 . .

APPENDIX E
‘Listed herein are the various commercially avallable components

of resin systems screened in the program to deveiop aconomic methods
of manutacture for glass flake reinforced plastics,

in @lastic

.

RY

Ha:lhaw Chemical Co

“ Union. Carbide Chem, Corp.. .

R -5

BRZ 754)
ERLA 2772
A=100 silane
ERRB 01001
1=2~6 Hexane triol

Phthaliec Anhydride
Haieic Anhydride
Dodecenyl Succinic Anhydride
Mathyl -Nudic- Anhydride
Heta phenylens diamine
‘Epon 820 @ = .
Epon 828

Epon 1031

Epon 1004

Epon 1007

Shaoll 2

6301 Epotuf

| _ Epi Rez 502

| Epi Rez 504

Epi Rez 507

Epi Rez 509

Epi Rez 510

Epi Rez 520

Epi Rez 522 -

Epi Rez 540

Epli Rez 560

Haxahydrophthalic Amhydride

"

'Alltcd'Chiﬂlcll“COrp; .

”
S e EE e
» .

ShullaChnminai co,

Reichold Chemical Co.
Tones Dabnuy CO,




EpL Cure 87

Epl Cure 854

Epl Cure 855

Ep} Cure 852

4=4 Diamino phenyl sulfone
Paraplaex P-43

DHp~-10

Jones Dabney Co. '. 1
i H - - .

Polychemicals Labs, Inc,
Rohm & Haaa Co,

s -BMP-30————— o —

Dapon 35 y
Emery Trimar Acid 3162D
Araldite €005

. MR 37CX Polyester Resin
Trimethylo) propana
LB 3
EM 550

o ‘ DEN 438

o T 8ilicena R 5581
o Silicone R 7521

8ilicone R 5061
DC=7147 ,
DC=7146 o
- Dicumene peroxide

Het Anhydride ~ —- - - -~ Hooker chgmical Co,

Butadiene'dioxido””"’~~-‘¥»'

Food Machinery & Chemical Co, 1.
Emery Industries, Inc. :
Ciba Products Corp,

Celanese chp.

Thiokel chemical Corp, - —

Dew Chemical co, R
—_ Koppara Company . - .
Do Corn mq co:p; -

R 14009 Phenolic - -
| Geon 121 (pve)
r Omamid C-288
_ Omamid T-590 .
| Laminac kromotor: 400

Laminac 4128 : o

Vibrin 1088-B

Vibrin 156
_ Toluana f‘i amin

SMATR

ﬁatan: pcruxids
- ~ Monsanto Chemical Co,

€o,, Ines -
Gaént Eﬁamical c;:p.

Bocdrich Chemical Co,
olin Mathinaon Chem, Corp,

Amariean Cyanamid Co,

'ﬂqugatuak-chcmlaal Co.

“6 iin— Mutn1§!6n _Chem, Corp.
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